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FOREWORD 


This  report  was  prepared  by  General  Dynamics  Corporation,  Electro  Dynamics 
Division  for  the  United  States  Air  Force  under  Contract  F33615-68-C-1578. 
The  contract  was  initiated  under  Manufacturing  Technology  Division  Project 
173-8,  "Design  for  1  -  %  Million  Foot  Pound  Dynapak  Forging  Machine".  The 
work  was  administered  under  the  direction  of  the  Air  Force  Materials 
Laboratory,  Manufacturing  Technology  Division,  Wright-Patterson  Air  Force 
Base,  Ohio  with  Mr.  L.  C.  Polley  as  project  engineer. 

This  project  was  under  the  direction  of  Mr.  Milt  Chanin,  Chief  Engineer, 
DYNAPAK,  Electro  Dynamic  Division,  General  Dynamics  Corporation,  Avenel, 

New  Jersey.  He  was  assisted  in  the  investigation  design  project  by 
Mr.  James  Koskoris,  Senior  Project  Engineer. 

The  project  was  accomplished  as  part  of  the  Air  Force  Manufacturing  Methods 
Program,  the  primary  objective  of  which  is  to  implement,  on  a  timely  basis, 
manufacturing  processes,  techniques,  and  equipment  for  use  in  economical 
production  of  USAF  materials  and  components.  This  program  encompasses  the 
following  technical  areas: 

Metallurgy  -  Rolling,  Forging,  Extruding,  Casting,  Drawing 

Powder  Metallurgy,  Composites 

Chemical  -  Propellants,  Coatings,  Ceramics,  Graphites, 

Non-metalllcs 

Electronic  -  Solid  State,  Materials  &  Special  Techniques, 

Thermionics 

Fabrication  -  Forming,  Material  Removal,  Joining,  Components 

Suggestions  concerning  additional  Manufacturing  Methods  required  on  this 
or  other  subjects  will  be  appreciated. 

This  Technical  Report  has  been  reviewed  and  is  approved. 

'  '  / 

f  •  )’  '  >  Ll  l  •  * 

H.  A.  JOHNSON 

Chief,  Materials  Processing  Branch 
Manufacturing  Technology  Division 
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ABSTRACT 


A  manufacturing  methods  requirement  for  this  design  study 
and  engineering  plans  was  established  by  Awar d / Con t r ac t  U o. 

F 33615-68-C-1578  dated  22  April  1968.  The  1-1/2  Million  Foot 
Pound  High  Energy  Rate  Forging  Press  which  was  designed  under 
tnis  contract  is  a  pneumatic-mechanical  type  press  of  true 
counter-blow  design.  The  machine  incorporates  mechanical, 
Hydraulic  and  electrical  systems. 

Two  (2)  integral  opposing  rams,  weighing  73,000  pounds  each, 
and  having  a  maximum  impact  velocity  of  630  in. /sec.  create  the 
rated  energy  of  1,500,000  foot  pounds.  The  two  rams  are  propor¬ 
tioned  for  extreme  stiffness  in  order  to  support  large  tooling 
requirements.  Complete  tooling  interchangeability  between  the 
upper  and  lower  rams  is  provided. 

The  utilization  of  an  IBM  1800  computer  for  design  studies 
and  for  stress  analysis  of  key  mechanical  components  was  unique 
for  the  press  industry  and  enabled  us  to  include  in  the  programs, 
the  effect  of  more  variables  than  can  usually  be  accounted  for. 

The  design  incorporates  unique  rotating  hydraulic  Jack 
assemblies  for  the  external  ram  recocking  system. 

The  hydraulic  portion  of  the  pneumatic  high  velocity 
machine  restores  the  energy  released  by  the  machine.  The  hy¬ 
draulic  system  is  composed  of  two  (2)  100  HP  motor  driving 
four  (4)  35  GPM  pumps  which  provide  fluid  for  a  high  performance 
accumulator  system.  This  system  is  capable  of  sustaining  three 
(3)  successive  blows  of  the  rams  within  several  seconds.  All 
functions  are  interlocked  to  provide  maximum  smoothness  of 
hydraulic  fluid  delivery  with  minimum  inertia  shock. 

The  electrical  system  consists  of  conventional  electrical 
circuitry  monitored  and  controlled  from  a  single  console  deck. 

All  automatic  events  are  under  control  of  the  operator.  Each  of 
the  automatic  events  is  sequenced  and  functioned  by  separate 
stepping  relays  which  insures  that  all  programmed  events  take 
place  chronologically. 

The  machine  design  provides  a  total  controlled  energy  out- 
nut  of  1,500,000  foot  pounds  with  the  capability  of  utilizing 
this  energy  in  multiple  blows. 

The  counter-blow  principle  and  identical  rams  provides 
versatility  in  tooling  capabilities. 

The  composite  design  of  the  machine  emphasizes  simplicity, 
flexibility,  safety,  minimum  maintenance  requirements  and  in¬ 
creased  production  capability. 
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1-1/2  MILLION  FOOT  POUND  FORGING  MACHINE 


MODEL  2U  36 

PROJECT  MO.  TB-8-MMP-23 h/123-8 

I .  INTRODUCTION 
A.  General 


1.  Pixrj^os^  -  The  purpose  of  this  program  was 

to  develop  and  establish  complete  design  and  engineering 
plans  for  a  larger  high  velocity  (HERF)  type  machine 
having  controlled  energy  and  forging  capacity  3  -  1* 
times  greater  than  present  concepts. 

2.  Objective  -  The  objective  of  this  program 
was  to  scale-up  the  size  and  energy  potential  of  high 
velocity,  controlled  energy  (HERF)  type  forging  machines 
to  establish  additional  capacity  for  larger,  r.st  size, 
complex  forgings  required  in  modern  air  and  space 
vehicles . 

B •  Inferences 

1.  Standard  Form  26,  Avard/Contract  No. 
F33615-68-C-1578,  ProJ  .  No.  TB-8-MMP-251j/123-8,  USAF , 

USAF  Systems  Cm!.,  Aeronautical  Systems  Div. ,  Wright- 
Patterson  AFB ,  Ohio,  dated  22  April  1968,  subject: 

"Award  of  Contract." 

2.  Technical  Proposal,  Contract  No.  F3361-68-R- 
1018,  General  Dynamics,  Electro  Dynamic  Division,  Avenel, 
New  Jersey  07001,  dated  6  September  1967,  subject: 

"Design  and  Engineering  Plans  for  1-1/2  Million  Foot 
Pound  High  Energy  Rate  Forging  Machine." 

3.  Ltrs.,  Contract  No.  F33615-68-C-1578, 

Project  No.  TB-8-MMP-2 5^/12 3-8 ,  General  Dynamics  Corpora¬ 
tion,  Electro  Dynamic  Division,  Avenel,  New  Jersey  07001, 
submitted  periodically,  subject:  "Status  Report  No.  1 
through  lU." 

II .  BACKGROUND 

In  early  development  years,  General  Dynamics  pioneered 
high  energy  rate  equipment.  In  1958,  they  introduced  the 
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f ir«t  DYNAPAK  High  Energy  Rate  Metalworking  Machine 
(see  paragraph  I.B.2.).  They  have  been  eminent  in 
this  field  of  equipment  research  and  increasingly 
active  in  the  development  of  new  and  sophisticated 
methods  of  forging  parts  for  the  aerospace  age. 

Prior  to  1968,  the  maximum  controlled  energy  poten¬ 
tial  of  forging  equipment  was  550,000  ft. /lbs.  with 
a  die  space  of  30"  x  30"  (sea  paragraph  I.B.2.). 
Because  of  the  increasing  demand  for  greater  capacity 
and  more  complex  forgings (  General  Dynamics  sub¬ 
mitted  a  proposal  (see  paragraph  I.B.2.)  which  re¬ 
sulted  in  the  issuance  of  contract  (see  paragraph 
I.B.l.)  requiring  high  energy  type  machines  of  the 
magnitude  reflected  in  this  report. 

Ill .  DESCRIPTION  OP  MATERIAL 

The  1-1/2  Million  Foot  Pound  Forging  Machine, 

Model  2l*36,  Incorporates  mechanical,  hydraulic  and 
electrical  systems. 

A.  Mechanical  System 

The  mechanical  system  is  composed  primarily 
of  two  (2)  integral  opposing  rams  weighing  73,000 
pounds  each,  having  a  maximum  impact  velocity  of 
630  in. /sec.  which  creates  the  rated  energy  of 
1,500,000  ft. /lbs.  Only  1,500  psi  gas  ram  pressure 
is  required  to  attain  this  energy  output. 

B.  Hydraulic  System 

The  hydraulic  system  is  composed  of  wo  (2) 

100  HP  motors  which  actuate  four  (1*)  pumps  capacity 
35  0PM)  to  provide  fluid  for  a  uniquely  stored 
energy  system  capable  of  sustaining  three  (3) 
successive  multiple  blows  of  the  rams  in  several 
seconds.  All  functions  are  interlocked  to  provide 
maximum  smoothness  of  hydraulic  fluid  delivery  with 
minimum  inertia  shock. 

C.  Electrical  System 

The  electrical  system  consists  of  conventional 
electrical  circuitry  monitored  and  controlled  by  a 
single  console  desk. 

D.  Physical  Characteristics 

( See  Appendix  I ) 
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IV. 


SYNOPSIS 


A.  General 


1. 

engineering 

I.fl.l. 


The  requirement  for  this  design  and 
study  was  established  by  paragraph 


2.  This  requirement  was  the  outgrowth  of 

a  study  submitted  by  General  Dynamics  on  6  September 
1968  (see  paragraph  I.B.2.). 

3.  Periodic  progress  reports  were  submitted 
under  separate  cover  (see  paragraph  I.B.3.). 

A  summary  of  computer  programs  and  stress 
analysis  is  contained  in  Appendix  ill. 

B .  Mechanical  System 

1.  The  two  (2)  DYNAPAK  ram  assemblies, 
complete  with  separate  gas  chambers  1b  the  central 
feature  which  enables  the  equipment  to  function  as  a 
pure  counter-blow  machine.  The  two  rams  have  been 
proportioned  for  extreme  stiffness  in  order  to 
support  large  tooling  requirements.  The  proposed 
design  results  in  the  greatest  rigidity  possible, 
consistent  with  adequate  guiding  and  minimum  weight. 

2.  Complete  tooling  interchangeability 
between  the  upper  and  lower  rams  is  provided.  This 

is  a  significant  feature  since  many  tools,  particularly 
those  used  for  forging  large  parts,  require  as  much 
tooling  area  for  the  upper  tools  as  is  required  for 
the  lower  tools  (92"  x  75"  on  each  ram).  It  is  also 
significant  that  tooling  can  be  interchanged  after 
starting  an  operation  in  order  to  obtain  particular 
advantages  involving  part  removal,  forming  and  ejec¬ 
tion  that  cannot  otherwise  be  predetermined. 

3.  Detailed  Btress  analysis  was  performed  on 
machine  areas  of  high-stress  concentration  which  re¬ 
sulted  in  the  adoption  of  the  following: 

a.  A  structural  frame  with  solid  one  piece 
slab  side  supports. 
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b.  Integral  one-piece  ram-columns  having 
adequate  section  modules  to  reduce  point  loading  when 
subjected  to  eccentric  loading.  (See  Appendix  III, 

Plate  III,  "Bending  Considerations  and  Side  Load 
Capability.")  This  type  fcrging  results  in  strength, 
simplicity  and  reliability. 

4.  There  is  a  minimum  inertia  loading  of  Jack 
cylinders  because  the  Jacks  are  not  subjected  to  eccen¬ 
tric  forces  since  the  loading  is  in  the  center  of  each 
Jack  cylinder.  Therefore,  an  additional  carriage 

vith  separate  guidance  and  an  arresting  system  is  not 
required,  greatly  simplifying  maintenance  of  the  machine. 

5.  The  Jack  recocking  system  is  particularly 
advantageous  for  quickly  separating  the  tvo  rams  after 
firing.  No  massive  mechanical  pivoting  locks  vith  their 
actuating  gear  and  hydraulic  controls  are  required. 
Consequently ,  the  system  is  in  the  ready  position  vithin 
a  fraction  of  a  second,  providing  the  multiple  high 
capability. 

6.  A  single  fire  control  valve  is  provided  for 
simultaneous  firing  of  both  rams. 

7 .  Appendix  I  contains  further  details  and 
illustrations  of  the  machine. 

C .  Hydraulic  System 

1.  The  crux  of  the  high  performance  accumulator 
system  centers  around  a  large  common  receiver  (500  gal. 
capacity)  feeding  three  (3)  identical  accumulators  vith 
a  displacement  of  75  gallons  each.  This  assures  almost 
negligible  pressure  drop  in  the  accumulators. 

2.  The  pressure  differential  created  by  a  system 
of  this  capabity  produces  enough  high  pressure  fluid  for 
almost  immediate  retraction  of  the  four  l6-inch  diameter 
Jacks  after  Impact. 

3.  The  fractional  time  lag  in  piston  operation 
and  the  utilization  of  a  combination  of  the  three  accumu¬ 
lators  provides  the  multiple  hit  capability  vith  a  minimum 
loss  of  heat  to  the  forging. 

4.  The  charging  of  the  hydraulic  system  is  accom¬ 
plished  uy  four  (4)  identical  piston  pumps,  each  having  a 
rated  pumping  capacity  of  35  GPM.  Three  (3)  of  these  pumps 
are  utilized  to  charge  the  accumulator  bank  and  one  (1) 


4 


pump  supplies  the  fluid  to  both  the  ejector  block  and 
counterbalance  systems. 

5.  A  detailed  discussion  of  the  high  performance 
accumulator  system  is  contained  in  Appendix  II. 

D .  El£_ct£_icial_S^s_t£m 

1.  The  electrical  system  is  controlled  and 
monitored  by  an  operator  utilizing  an  Electrical 
Operating  Console  and  a  Control  Stand. 

2.  The  automatic  events  which  are  under  control 
of  the  operator  are  as  follows: 

a.  Main  Automatic  sequence. 

b.  Jack  rotary  locks. 

c.  Prefill  or  Jack  rapid  advance  cycle. 

d.  Jack  retraction  cycle. 

3.  Each  of  the  automatic  events  is  secuenced 
and  functioned  by  a  separate  stepping  relay,  which  in¬ 
sures  that  all  programmed  events  in  each  category  take 
place  chronologically. 

U.  The  stepping  relay  is  so  designed  that  if 
a  malfunction  occurs,  such  as  a  valve  opening  out  of 
sequence,  the  integral  permission  light  would  not 
advance  to  its  next  successive  position  on  command. 

5.  The  system  sIbo  contains  a  ready  light  which 
indicates  that  all  safety  features  and  initial  conditions 
have  been  satisfied  before  the  system  becomes  functional. 

6.  If  the  stepper  fails  to  advance  on  command, 
or  the  system  fails  to  function,  the  operator  can  view 
the  last  numbered  position  of  the  stepping  relay  through 
a  transparent  panel  on  the  control  stand  or  console  and 
take  appropriate  action  for  subsequent  trouble-shooting. 
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7.  A  detailed  discussion  of  the  electrical 
control  system  is  contained  in  Appendix  IV.  Line  items 
not  specifically  referred  to  are  contingency  steps  re¬ 
sulting  in  the  function  of  a  major  component. 

E.  Miscellaneous 

1.  Liaison  vas  established  with  Lindberg 
Hevi-Duty,  a  Division  of  Sola  Beilc  Industries,  Rahway, 

Dev  Jersey,  to  select  an  electric  furnace  which  would 
be  compatible  with  the  overall  design  of  the  machine 
and  which  would  satisfy  all  requirements  as  dictated 

by  the  intended  usage  of  the  machine.  (See  Appendix  V.) 

2.  As  a  result  of  this  liaison,  it  vas  determined 
that  two  (2)  rotary  electric  furnaces  would  be  suitable 
for  installation  on  the  foundation  of  the  machine  in  its 
proposed  configuration.  (See  Appendix  V,  Drawings  D66-10 
and  VD-181. ) 

3.  Each  rotary  furnace  is  20*-0"  in  diameter 
and  hai  a  hearth  width  of  approximately  3'-2".  The 
heating  capacity  of  each  furnace  is  5000  pounds  per  hour. 

1».  It  is  feasible  to  consider  that  one  furnace 
could  be  used  for  pre-heating,  thereby  offering  consider¬ 
able  flexibility  in  preparing  unspecified  materials  for 
forging. 


5.  By  utilizing  both  furnaces  in  conjunction 
with  each  other  would  result  in  a  greater  hourly  output 
capability,  at  the  same  time  retaining  the  potential  of 
reheating  forgings  if  temperatures  should  decrease  ex¬ 
cessively. 

V.  CONCLUSIONS 

It  is  concluded  that! 

A.  This  design  proposal  provides  a  total  controlled 
energy  output  in  the  magnitude  of  1,500,000  foot  pounds, 
with  the  capability  of  utilizing  this  energy  in  multiple 
blows . 

B.  This  high  energy  potential  provides  the  machine 

with  the  capacity  of  accepting  larger  and  more  complex  t 

forgings . 
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C.  The  multiple-impact  principle  provides  high 
energy  output  transfer  into  a  workpiece  over  a 
negligible  time  period,  resulting  in  minimum  lost 
of  heat  to  the  forging. 

D.  Multiple  blows  at  varying  energy  levels  will 
reduce  the  possibility  of  forging  tool  failures. 

E.  Controlled  energy  output  will  permit  an 
impact  energy  capability  consistent  with  the  require¬ 
ments  for  varied  type  forgings. 

F.  The  counter-blow  principle  provides  versatility 
in  tooling  capabilities. 

G.  The  composite  design  of  the  machine  emphasizes 
simplicity,  flexibility,  safety,  minimum  maintenance 
requirements  and  overall  increased  production. 
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APPENDIX  I 

Physical  Characteristics 


# 
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SPECIFICATIONS  AND  RATING 


Ener«y  1-1/2  Million  Foot 

Pounds  st  1500  psi 
Gss  Ram  Pressure 
(Upper  and  Lower 
Ram  ) 


Upper  Ram  Weight 
Lower  Ram  Weight 
Maximum  Velocity  at  Rated 

Die  Area 

Daylight 
Stroke  (Total) 

Overall  Height 
Overall  Width 
Overall  Depth 
GENERAL  DESCRIPTION 


73,000  Pounds 

73,000  Pounds 

Energy  630  Inches  per 
Second 

92  Inches  x  75 
Inches 

7  Feet,  0  Inches 
3  Feet,  0  Inches 
29  Feet,  I*  Inches 
18  Feet,  1  Inch 
9  Feet,  2  Inches 


The  1-1/2  Million  Foot-Pound  High  Energy  Rate  Forging 
Press,  Model  2^36,  which  has  been  designed  under  this 
contract  is  a  pneumatic-mechanical  type  press  of  true 
counter-blow  design. 


MAIN  RAMS 


The  mechanical  system  is  compoued  primarily  of  two 
(2)  integral  opposing  rams  weighing  73,000  pounds  each. 
The  two  (2)  rams  are  controlled  by  individual  pneumatic 
actuators  which  are  capable  of  driving  the  rams  at  a 
maximum  impact  velocity  of  630  in. /sec.  which  creates 
the  rated  energy  of  1,500,000  foot  pounds.  A  sketch  of 
the  oppored  ram  arrangement  Ib  shown  on  Plate  I. 
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It  vai  necessary  to  design  these  rams  so  that  adequate 
section  back-up  would  be  furnished  to  the  large  die  dimen¬ 
sions  which  were  specified  with  respect  to  stress  and 
deflection  of  the  main  ram  members.  The  section  modulus 
is  adequate  to  sustain  loading  substantially  off  the 
centerline  of  the  press. 

Results  of  our  early  computer  studies  confirmed  our 
preliminary  computations  that  the  original  specification 
velocity  of  800  in. /sec.  could  not  be  obtained  with  a 
conservative  design  or  without  certain  unfavorable  com¬ 
promises  . 

The  most  significant  part  of  this  design  is  that 
both  upper  and  lower  ram  bolsters  are  identical.  Equal 
tooling  areas  in  the  two  bolsters  makes  a  larger  class 
of  work  possible,  particularly  in  coining  where  the  upper 
and  lower  dies  may  be  almost  equal  in  area.  The  complete 
tooling  interchangeability  between  the  upper  and  lower 
rams  is  advantageous  also  in  obtaining  particular  ad¬ 
vantages  when  a  forging  operation  is  being  started.  This 
could  involve  problems  of  forming,  part  removal  and 
ejection  that  might  not  otherwise  be  predetermined. 

At  an  early  stage  of  our  design  effort,  we  sourced 
primary  forging  vendors  to  determine  if  the  proposed 
large  ram  forgings  could  be  produced  in  one  piece.  The 
response  was  affirmative  which  resulted  in  further  sim¬ 
plification  of  these  Important  members. 

The  proposed  design  results  in  the  greatest  rigidity 
possible,  consistent  with  adequate  guiding  and  minimum 
weight . 

EJECTORS 

Both  rams  are  equipped  with  hydraulic  ejectors 
capable  of  60  ton  knock-out  force  with  a  maximum  8  inch 
stroke . 

POWER  SOURCE  AND  TRIGGERING  SYSTEM 

The  machine  is  controlled  by  our  patented  triggering 
and  sealing  system.  The  power  source  to  propel  the  rams 
is  the  Dynapak  basic  actuator.  This  is  the  same  basic 
power  source  used  on  production  model  Dynapak  machines. 
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he  energy  stored  in  compressed  gas  is  released  through 
a  quick  opening  valve  to  propel  the  rams  together  at 
high  velocity.  Individual,  but  identical  fire  chambers 
are  provided  for  each  ram. 

jhe  fire  chamber  and  seal  base  concept  is  shown  in 
the  drawing  on  Plate  II. 


The  heart 
valve  used  to 
gas  to  act  on 


of  any  high  energy  rate  machine  is  the 
release  the  energy  of  the  stored  compressed 
the  two  opposed  rams. 


VALVE  SEQUENCE 


and 

for 


The  Dynapak  valving  technique  is  extremely 
production  proven.  It  is  illustrated,  in  s 
one  ram  only  on  Plate  III. 


simple 

equence 


1.  The  external  hydraulic  recocking  Jacks  are 
engaged  and  actuated,  moving  one  ram  up  and 
the  other  down.  The  residual  driving  pressure 
in  the  gas  chambers  is  overcome  causing  the 
gas  to  assume  its  original  volume  and  pressure 
in  each  chamber. 

2.  The  valves  are  cocked  when  the  ram  heads  seat 
against  the  main  seal  base.  The  original 
amount  of  gas  required  to  trigger  the  system 
is  trapped  above  the  ram  caps  inside  the 
main  seals. 

3.  The  small  amount  of  trigger  gas  trapped  above 
and  below  the  two  ram  caps  is  vented  to 
atmosphere.  The  external  rotary  Jacks  are 
then  rotated  90  degrees  and  the  machine  is  in 
static  balance  ready  to  perform  a  forging  blow. 

1*.  A  small  volume  of  high  pressure  gas  is  admitted 
into  the  areas  inside  the  seal  base  ring.  The 
slight  downward  movement  of  the  rams  away  from 
the  main  seals  allows  the  gas  pressure  in  the 
chambers  to  act  instantaneously  over  the  entire 
area  of  the  ram  column.  One  ram  is  driven 
downward  and  the  other  upward  by  the  equal  and 
opposite  gas  forces.  Each  ram  is  acted  upon 
with  equal  thrust  and  momentum,  but  in  opposite 
directions . 
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When  the  two  rams  meet  in  mid-stroke,  the  useful 
vork  is  accomplished  in  the  die  area.  All  forces 
generated  are  absorbed  in  the  work  piece  or  are  can¬ 
celled  out  leaving  the  machine  free  of  stress  and 
vibration. 

To  provide  for  the  next  forging  cycle,  the  external 
hydraulic  Jacks  (4)  have  followed  the  two  rap3  as  they 
were  being  driven  together.  Upon  engagement  with  the 
rams,  they  rotate  90  degrees  and  make  locking  engagement 
with  the  rams. 

The  hydraulic  and  accumulator  system  described  in 
Appendix  C  now  rapidly  separates  the  two  rams,  allowing 
for  ejection  of  the  work  piece  and  preparation  for  the 
next  cycle.  The  recocking  of  the  rams  by  the  external 
hydraulic  Jacks  has  again  inititated  the  valve  sequence 
described  in  paragraph  (l). 

A  single  fire  control  valve  is  mounted  equidistant 
from  each  high  pressure  gas  chamber  and  common  fire 
pressure  is  utilized  in  both  chambers.  This  eliminates 
the  need  for  a  mechanical  back-up  triggering  system, 
Accidental  misfiring  of  one  ram  only  is  eliminated 
since  when  one  ram  fires,  full  fire  pressure  is  then 
free  to  act  on  the  opposite  ram,  firing  it  as  a  reaction. 

The  machine  can  be  operated  from  either  compressed 
nitrogen  or  high  pressure  compressed  air.  There  are  no 
hazards  in  using  compressed  air  with  the  Dynapak  actuator. 
Since  the  volume  of  gas  required  is  rather  large,  eco¬ 
nomics  vould  dictate  the  use  of  compressed  air.  We  have 
Included  an  adequate  high  pressure  air  compressor  system 
and  receiver  in  our  design. 

EXTERNAL  HYDRAULIC  JACKS 


The  rotating  Jack  assemblies  are  shown  in  the  drawing 
on  Plate  IV.  By  utilizing  this  unique  external  recocking 
system,  we  were  able  to  simplify  the  machine  in  several 
respects , 

1.  Internal  Jacks  would  have  had  to  be  incorporated 
in  the  lower  bolster  which  would  have  interfered 
with  the  effective  tooling  area. 

t 
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2.  Locating  the  hydraulic  Jacks  on  the  top  and 
bottom  of  the  press  removes  them  from  the 
damaging  area  of  forging  scale  and  heat. 

3.  There  is  minimum  inertia  loading  of  the  Jack 
cylinders.  The  Jacks  are  not  subjected  to 
eccentric  forces  since  the  loading  is  in  the 
center  of  each  Jack  cylinder.  Therefore,  an 
additional  carriage  with  separate  guidance 
and  an  arresting  system  is  not  required, 
greatly  simplifying  maintenance  of  the  machine. 

4.  The  system  is  advantageous  for  rapid  separation 
of  the  two  rams  after  a  forging  blow. 

5.  Note  that  double  back-up  seal3  were  designed 
into  this  system  to  minimize  down  time  due  to 
oil  leakage.  Oil  leakage  has  plagued  many 
previous  high  pressure  hydraulic  installations, 
a  fact  which  Justifies  the  back-up  system. 

MACHINE  PROPER 

Plate  V  shows  an  artist's  sketch  of  the  assembled 
machine . 

Plate  VI  shows  a  cutaway  view  of  the  assembled  machine. 

Plate  XVII  is  a  cutaway  view  of  the  machine  with  key 
features  identified  to  the  Btress  analysis  report.  (This 
plate  will  be  found  in  Appendix  C. ) 

Examination  of  these  layouts  as  well  as  the  stress 
analysis  details  will  show  that  the  outer  structure  design 
is  adequate  to  contain  moderately  severe  eccentric  loading 
forces.  The  counter-blow  system  does  not  introduce  any 
inertia  loading  into  the  outer  structure. 

The  structural  frame  i ucorpo rates  solid  one  piece 
slab  side  supports.  These  solid  slabs  provide  support  for 
the  adjustable  gib  system. 

Note  that  full  length  gibs  are  employed  and  that  both 
rams  are  fully  contained  by  the  gibs  throughout  their 
entire  strokes. 

Further  design  details  on  the  support  structure  and 
the  gibs  is  contained  in  Appendix  C. 
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MACHINE  OUTPUT 


The  machine  is  ratec  conjervatively  as  far  as 
developed  energy  is  concerned. 

The  1,500,000  foot  pound  specification  energy  is 
developed  with  only  1500  psi  Gas  Ram  Pressure. 


The  machine  has  reserve  capacity;  however,  since 
the  fire  chambers  and  the  triggering  system  are  * 
signed  for  2000  psi  Gaa  Pressure  which  has  been  the 
standard  on  all  Dynapak  production  machines. 

The  final  dynamic  computer  run  (see  Appendix  III) 
indicates  that  with  fire  pressure  set  design 

limit  of  2000  psi  and  taking  into  account  a  computer 
integrated  allowance  for  U-cup  seal  friction  J^ing 
the  adiabatic  gas  expansion  in  the  two  fire  cha  e  , 
the  developed  energy  will  be  slightly  in  excess  of 
2,000,000  foot  pounds. 

A  Theoretical  Energy  Diagram,  Drawing  BG-1C525  *nd 
a  Theoretical  Ram  Velocity  Diagram,  Drawing  BG-10526 
are  included  for  reference  purposes. 
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FIGURE  l 


VELOCITY  DIAGRAM 
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OPPOSED  RAM  ARRANGEMENT 
PLATE  1 
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SEAL  BALANCE  CONCEPT 
PLATE  II 
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ROTATING  JACK  ASSEMBLY 
PLATE  IV 


ARTIST’S  DRAWING 

CUTAWAY  VIEW  OF  MACHINE  ASSEMBLY 
PLATE  VI 


APPENDIX  II 


High  Performance  Hydraulic  and  Accumulator  System 
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TYPICAL  PILOT  CIRCUIT  WITH  SEQUENTIAL  PRESSURE  SWITCH 
FEEDBACK  SIGNALS  TO  MAIM  CONTROL 


,  CONVENTIONAL  SYMBOL  FOR 
I  PILOT  OPERATED  CHECK 


ACTUAL  CONTROLL  FOR  ACCUMULATOR 
PRESSURE  INLET  TO  RETRACT  JACK'S 

_  ^  UPPER  $.  LOWER  JACKS 

*  f  RETURN  outlet 

>  1  TT  '  \  JACK  VALVES 


I 

\ 


CONTRoi* 

IDENTIC*; 


’^MZZK' 

_ ,  B 

■ — [ZD*' 


GRAVITY 

TANK 


CHECK  WITH  EIXED  IMPEDENCE 
SERVES  TO  INDUCE  DIFFERENTIAL 
PRESSURE  UNDER  FLOW  TO  BE 
MEASURED  BY  (4)  PRESSURE 
SWITCHES 


A  CCU  M 


PLATE  IX 
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The  hydraulic  portion  of  a  pneumatic  high  velocity 
machine  restores  the  energy  released  by  the  machine. 

This  Hydraulic  and  Accumulator  System  is  capable 
of  furnishing  approximately  U, 500, 000  foot-pounds  of 
useful  energy.  This  energy  is  to  be  delivered  by  means 
of  a  new  concept  over  three  successive  blows  of  1,500,000 
foot-pounds. 

Since  the  first  use  of  HERF  machines,  ten  years  ago, 
there  has  been  a  trend  to  increase  the  energy  delivered 
to  the  workpiece  and  to  reduce  the  time  required  to 
complete  a  single  cycle.  Within  the  last  six  years, 
machine  cycle  time  has  been  reduced  from  twenty  seconds 
to  an  average  of  six  seconds  per  cycle. 

Equipment  sold  to  date  has  had  an  energy  output  in¬ 
crease  from  lUO.OOO  to  225,000  foot-pounds. 

It  was  evident  that  this  double  demand  for  greater 
power  with  a  faster  delivery  rate  would  increase  both 
the  size  and  importance  of  the  role  the  hydraulic  power 
unit  plays  in  restoring  energy  to  the  high  velocity 
machine . 

In  the  design  of  the  1,500,000  foot-pounds  machine, 
top  priority  was  given  to  making  the  hydraulic  system 
powerful  enough  to  have  equivalent  or  better  cycle  time 
than  present  machines. 

In  addition,  the  desirability  of  multiple,  quick 
succession  blows  which  would  allow  the  energy  delivery 
to  be  doubled  or  tripled  in  a  short  period  of  time  has 
been  desired  by  many  users.  It  was  decided  that  this 
capability  would  be  highly  desirable  on  the  1,500,000 
foot  pound  machine. 

To  achieve  this  high  performance  without  unusually 
large  plumbing  and  a  large  number  of  pumps  and  motors, 
it  became  obvious  that  a  large  accumulator  stored 
energy  system  would  have  to  be  incorporated  in  the 
design. 

This  decision  to  employ  a  modern,  large  capacity, 
piston  accumulator  system  enabled  us  to  utilize  standard 
proven  motor  and  pump  components  for  the  pumping  station. 

Two  (2)  100  HP,  double  shaft  motors  drive  four  (4)  Dynex, 

35  G.P.M.,  piston  pumps  to  provide  fluid  for  the  accumu¬ 
lator  system.  This  pump  and  motor  combination  has  been 
field  proven  on  our  production  model  1220D  Dynapak  machines. 
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We  have  concentrated  considerable  effort  over  the 
past  several  years  on  the  improvement  of  the  hydraulic 
system  on  our  standard  line  of  Dynapak  machines,  and 
these  field  tested  improvements  have  been  Incorporated 
in  this  design. 

All  valves  are  sub-plate  mounted  to  manifold  blocks 
to  reduce  the  number  of  pipe  Joints  and  the  usual 
associated  problem  of  leakage. 

All  valves  and  lines  are  adequately  sized  and  all 
functions  are  interlocked  to  provide  maximum  smoothness 
of  hydraulic  fluid  delivery  vlth  minimum  inertia  shock. 

The  system  has  been  designed  for  petroleum-based 
hydraulic  fluid.  Our  ovn  experience  with  the  fire- 
resistant  fluids,  particularly  the  phosphate-ester 
types,  has  convinced  us  that  they  are  a  primary  source 
of  field  maintenance  problems.  Also,  their  poor 
lubricating  qualities  and  low  viscosity  index,  cause 
wear  on  the  finely  machined  parts  of  sophisticated 
systems . 

The  first  concept  for  the  accumulator  system  is 
shown  in  the  hydraulic  schematic  on  Plate  VII. 
Advantages  which  vould  result  from  this  first  design 
approach  are  as  follows: 

1.  A  minimum  of  connecting  piping  would  assure 
practically  no  pressure  drop  between  high  and 
low  pressure  stored  systems.  (To  reduce  prefill 
plumbing  to  a  minimum  and  get  perfect  symmetry, 

a  separate  prefill  vessel  for  each  Jack  cylinder 
was  planned. ) 

2.  An  unusually  symmetrical,  almost  pipeless,  high 
pressure  accumulator  piping  arrangement  vas  a 
key  feature.  Unfortunately,  several  disadvan¬ 
tages  of  the  first  concept  became  apparent. 

They  are: 

1.  Identical  systems  for  t^o  and  bottom  Jacks 
vould  be  required.  Therefore,  two  sets  of 
hydraulic  pumping  equipment  vould  be  required, 
giving  rise  to  unnecessary  complexity. 
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2.  The  multitude  of  pressure  vessels  required 
considerable  space  both  above  and  below  the 
floor  and  considerably  reduced  access  to 
mechanical  members  at  the  top  of  machine> 

3.  The  arrangement  would  have  required  six 
accumulators  protruding  above  the  floor  in 
the  same  relative  location  as  the  upper  set 
and  this  would  reduce  access  to  the  machine 
at  floor  level . 

4.  It  was  difficult  to  determine  a  location  for 
the  gas  receiver  bottle  on  the  lower  set. 

5.  Heavy  hydraulic  equipment  on  the  top  of  a 
forging  machine  gives  an  unfavorable  weight 
distribution  to  the  machine  assembly  and 
has  disadvantages  in  maintenance  when  leaks 
can  drip  down  to  the  forge  shop.  Access  by 
means  of  high  ladder  is  less  attractive  than 
descending  a  stairway  to  a  hydraulic  room 
located  below  the  floor  out  of  the  forge  shop 
environment . 

Safety  considerations  in  having  the  tanks  and 
pumping  station  out  of  the  furnace  and  forge 
environment  are  obvious. 

COMPUTER  STUDY  OF  ACCUMULATOR  SYSTEM 

A  complete  study  of  a  branch  pipe  system  was  made 
to  study  the  effect  of  pipe  length  and  friction  on 
system  power  losses  for  any  particular  system  studied. 
From  this  study,  it  was  found  that  allowing  three 
seconds  for  retracting  both  Jack  systems  36  inches, 
caused  a  pressure  drop  and  the  resultant  horsepower 
losses  were  very  low.  The  plumbing  system  model  of 
the  computer  study  is  shown  on  Plate  XII.  The 
hydraulic  accumulator  system  study  is  discussed  in 
Appendix  III, 
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PLATE  HO.  XII 


Alloving  tvo  seconds  for  full  retraction  produces 
a  loss  of  215  horsepower  and  pressure  drop  of  23?  psi 
for  the  above  piping  network.  Considering  that  the 
main  work  power  is  1917  at  this  velocity,  an  overall 
efficiency  of  power  delivery  will  Btill  be  an  attractive 

1917^+^215  x  100  +  90%,  The  final  piping  network  will 

have  a  lover  resistance  since  it  will  utilize  an  8XX  and 
6XX  header  from  the  accumulators  to  the  rod  connections 
of  the  Jacks.  The  inside  diameter  of  the  6XX  pipe  would 
be  U.9  inches  and  vould  carry  587  GPM  at  one  foot  per 
second.  Consider  the  er  Jack  set  taking  the  computer 
value  of  1568  GPM.  The  j^ximum  velocity  through  the  6XX 
pipe  would  only  be  i56|  =  2g  _  1/2  Fps>  At  thi8  veloeity( 

pressure  drop  and  power  loss  should  be  neglible  for  the 
lengths  involved.  Note  that  such  large  pipe  sizes  allow 
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the  four  16  inch  diameter  Jacks  to  retract  at  an  average 
rate  of  nine  inches  per  second.  At  this  rate,  they  will 
be  delivering  1917  horsepower  (as  previously  discussed) 
to  the  gas  ram  systems  and  will  be  accepting  1568  GPM 
from  the  accumulating  system,  which  will  only  produce  a 
26  -  1/2  FPS  velocity  through  the  6XX  supply  header  pipe. 

SUMMARIZING  PRINCIPAL  ADVANTAGES  OF  FINAL  SYSTEM  SHOWN  IN 
PLATE  VIII  COMPARED  TO  PLATE  VII 

1.  Minimum  redundancy  -  Single  vessels  for  the  prefill 
and  gravity  sump  tank  are  located  in  a  separate 
room. below  the  floor. 

2.  Accumulator  -  One  set  of  three  accumulators  located 
in  the  hydraulic  room  below  the  floor  replaces 
twelve  accumulators  originally  located  on  the  side 
of  the  machine. 

3.  Accumulator  Drive  -  The  need  for  two  pumping 
systems  is  eliminated  with  a  common  accumulator 
drive  for  upper  and  lower  Jack  cylinders. 

L,  Minimized  Water  Hammer  -  Minimum  inertia  effect  is 
retained  by  still  mounting  the  main  control  valves 
close,  (within  six  feet)  to  cylinder  control  ports, 

f  ULTIPLE  HIT  CAPABILITY 


The  hydraulic  diagram,  Plate  VIII,  shovs  that  the 
three  75  gallon  piston  accumulators  are  the  heart  of 
the  design.  They  store  enough  high  pressure  fluid  to 
immediately  retract  the  four,  16-inch  diameter  Jacks 
after  impact. 

Due  to  the  large  capacity  of  these  accumulators  and 
the  need  to  keep  piston  velocities  reasonable,  it  was 
decided  to  design  special  accumulators  having  the 
following  features: 

1.  Use  a  15-inch  diameter  bore  to  keep  total  package 
length  more  manageable. 

2.  Utilize  a  special  1/2-inch  diameter  urethane 
o-rjng  as  a  piston  seal, 

3.  Utilize  wear  rings  on  either  side  of  main  seal. 
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1* .  Porous  chrome-plated  bore  retains  lube  and  reduces 
seal  friction.  Items  2,  ’  'nd  1*  are  based  on  our 
successful  experience  wit;  '■  gh  velocity  actuators. 

5.  Design  utilizes  2-inch  tie  bolts  rather  than 
threaded  cylinder.  (Large  threads  tend  to  be 
troublesome  on  disassembly.) 

6.  Incorporate  piston  dashpot  on  fluid  end  to 
eliminate  mechanical  shock  on  bottoming. 

7.  The  gas  heads  of  the  three  accumulators  have 
2-inch  NPT  connections  permitting  their  connection 
to  a  500  gallon  receiver  that  will  assume  full  usage 
of  the  stored  fluid  in  each  accumulator  without 
excessive  pressure  drop. 

CAPABILITY  OF  STORED  ACCUMULATOR  POWER 


Consider  the  accumulator 
condition,  Plate  VIII.  Note 
have  a  common  large  receiver 
negligible  pressure  drop  for 
gallons . 


arrangement  in  its  ready 
that  all  three  accumulators 
assuring  them  of  almost 
their  displacement  of  52 


PLATE  XIII 


EXAMPLE  OF  FLAT  PRESSURE  CHARACTERISTIC  OF  SYSTEM 


500  Gallon 
ASME  RECEIVER 


ll. 


2"  High  PR  Hose 
15  Dia.  Bore 


Dashpot  to  decelerate 
piston  bottoming  shock 


xx  Pipe  high 
for  fluid 


PR  Flange 
output 


3»* 


Assume  Pi  *  3000  PSI 

For  adiabatic  expansion 
1.38  1.38 


1.38 


V2  Pa 

1.38  1.38 
P2  =  (500)  =  (.895)  =  .86 

558 

Hence  P2  =  3000  x  .86  » 
2600  PSI 


EASE  OF  CONTROL 

To  maintain  maximum  spued  consistent  with  minimum 
shock  of  cylinder  movement,  both  the  gas  precharge  for 
the  accumulators  and  oil  fill  pressure  are  separately 
adjustable,  providing  maximum  flexibility.  In  this 
way,  stored  oil  energy  can  be  varied  in  almost  a  limit¬ 
less  number  of  combinations  of  stiffness  of  accumulator 
as  compared  to  stiffness  of  gas  ram  proper. 


ACCUMULATOR  CHARGING  CIRCUIT 


Accumulator  control  on  the  operating  console  is 
shown  on  Plate  X,  A  schematic  diagram,  illustrating 
the  accumulator  automatic  drain  to  the  tank  when  the 
control  is  shut  off  is  also  indicated  on  Plate  X. 

This  permits  a  reading  of  the  common  precharge  to 
all  three  accumulators  and  simple  adjustment  from  the 
console . 

CYLINDER  SHOCK  CONTROL 

By  matching  the  precharge  gas  accumulator  pressure 
to  the  gas  pressure  in  the  machine  cylinders,  the 
optimum  choice  of  mechanical  high  speed  operations  of 
the  Jack  cylinders  consistent  with  minimum  hydraulic 
shock  to  the  system  can  easily  be  met. 

SEPARATE  ACCUMULATOR  DISCHARGE  CONTROL  BY  TIMERS 

On  Plate  X  note  that  the  accumulator  #1-1  is  always 
connected  to  the  output  header.  Its  rate  of  delivery 
can  be  controlled  by  throttling  valve  TH-1.  Consider 
the  accumulator  as  a  fixed  output  pump  that  is  always 
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available  to  retract  or  clamp  the  Jacks  up  at  a  velocity 
that  would  introduce  negligible  mechanical  shock  on 
bottoming.  Its  companion  accumulators,  labeled  Acc. 

1-2  and  Acc.  1-3  act  as  short  burst  high  performance 
devices  that  are  capable  of  instantaneously  separating 
the  Jack  cylinders  after  forging.  Continued  movement 
at  this  high  velocity  would  produce  excessive  mechanical 
strain  on  the  machine  components.  Although  each  Jack 
cylinder  (Plate  IV)  is  furnished  with  a  dashpot  orifice 
plug  and  an  integral  check  valve  to  cushion  retraction 
at  high  speed,  the  machine  will  perform  smoother  with  a 
slow  down  speed  before  bottoming  on  the  retraction  stops. 

For  example,  assume  that  only  one  hit  will  be  made 
and  it  is  desired  to  get  maximum  (almost  Instant)  release 
of  energy  from  all  three  accumulators.  Refer  to  Plate  XX 
and  set  the  timers  for  Acc.  2  and  3  to  go  on  after  .1  and 
.2  second  delays,  to  stagger  the  input  shock  pulse  and 
go  off  at  .6  and  ,8  second  bursts  respectively.  This 
simple  procedure  will  make  the  accumulators  release 
energy  in  .5  second  bursts  staggered  slightly,  both  going 
in  and  out  to  achieve  uniform  acceleration  and  deceleration 
of  the  ram  systems.  The  throttling  valve  opening  in  each 
accumulator  line  can  be  adjusted  to  control  the  "accumu¬ 
lator  burst  velocity"  to  velocities  between  6  and  2h 
inches  per  second. 

TYPICAL  SETTIKGS  OF  CONTROLS  FOR  THREE  HITS 

The  time  setting  of  both  accumulators,  2  and  3  above, 
may  be  left  for  .5  second  total  duration  bursts  slightly 
staggered  so  that  they  can  both  be  released  together  on 
the  last  hit. 

Set  the  controls  on  Plate  XI  as  follows) 


Repeat  Hit  Selector  Set  To 

'  3 

Acc.  #2  Hit  1  On 

Hit  2  Off 

Hit  3  On 

Acc.  #3  Hit  1  Off 

Hit  2  On 

Hit  3  On 
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The  following  discharge  -  \uence  will  occur  aa  the 
rams  hit  the  closed  die  fo  4  three  successive  blows. 


Hit  1'  -  (1)  Acc.  #1  -  fixed  opening  of  6  inches  per 
second 

(2)  Acc.  M2  -  will  cut  in  .1  second  later 
than  Acc.  Ml  and  stay  in  .5  second, 
boosting  sped  another  6  inches  per 
second  to  12  inches  per  second  but 
will  drop  out  before  the  jacks  fully 
retract . 


Hit  2  -  (1)  Same  as  1. 

(2)  Acc.  M 3  will  perform  task  as  above  in 
M2  except  for  an  additional  .1  second 
delay . 


Hit  3  -  (1)  Same  as  1. 

(2)  Both  Acc.  M2  and  M 3  will  give  the  final 
blow  retraction  the  highest  speed, 
possible  up  to  30  inches  per  second  and 
sequence  the  power  bursts  for  minimum 
shock . 


SIMPLE  POWER  RELEASE  CONTROL 


Large  amounts  of  hydraulic  power  discharge  are 
controlled  by  selector  switch  and  solid  state  timers 
are  easily  pre-set  by  the  console  operator. 

It  is  clear  that  by  console  choice  of  timing  bursts 
and  setting  of  accumulator  throttling  valves,  almost 
infinite  control  of  stored  hydraulic  power  can  be  effected. 
For  short  bursts  of  energy  release  it  is  conceivable 
that  flow  rates  from  the  three  accumulators  in  excess  of 
3137  GPM ,  and  developing  useful  work  overcoming  ?as 
cylinder  load  in  the  main  cylinders  exceeding  3135  horse¬ 
power,  will  be  accomplished  with  high  efficiency.  These 
figures  are  taken  from  the  first  line  of  the  computer 
printout  sheet  and  correspond  to  a  Jack  velocity  of  18 
inches  per  second  against  an  almost  constant  gas  load 
of  1U00  PSI  in  the  main  fire  chambers.  The  equivalent 
hydraulic  balance  pressure  in  the  Jacks  is  2Q9U  PSI. 

Since  the  accumulator  design  capability  has  been  set  at 
3500  PSI c  if  follows  that  considerable  power  is  available 
in  the  accumulators  for  achieving  any  reasonable  velocity 
desired. 
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CONTROL  OF  ACCUMULATOR  POWER  BY  MEANS  OF  TWO  SIMPLE 
FINGER  TIP  CONSOLE  ADJUSTMENTS 


1.  Console  operator  can  read  common  accumulator  pre¬ 
charge  by  shutting  off  control  ar.d  dumping  stored 
oil  back  to  gravity  tank.  Individual  1  inch 
pilot  operated  checks,  connected  to  each  accumu¬ 
lator,  will  release  the  stored  power  making  the 
system  safe  for  maintenance  and  permitting  the 
precharge  to  be  read  on  the  console,  Plate  X. 

The  operator  can  now  add  or  subtract  precharge 
nitrogen  by  means  of  a  fill  and  bleed  set  of  hand 
valves  on  the  conscle.  This  control  permits  the 
operator  to  harness  the  power  output  of  the  accu¬ 
mulators  in  the  same  manner  that  the  main  energy 
release  within  the  fire  chambers  is  controlled. 

2.  The  operator  can  also  vary  the  fluid  changing 
pressure  by  varying  the  console  pressure  switch 
and  adjustment  screw  that  bypasses  the  accumulator 
pumps  when  the  desired  high  pressure  is  reached. 

He  has  a  similar  adjustment  for  the  cut-in  or 

low  pressure  point  at  which  the  pumps  will  begin 
to  charge  the  accumulator.  Console  lights, 
adjustment  screws,  and  accumulator  pressure 
gauge  make  this  setting  simple  and  easily  ad¬ 
justable  . 

HIGH  VELOCITY  PLANISHING 


The  finger  tip  adjustments  make  matching  the  stored 
fluid  power  in  the  accumulator  to  the  stored  gas  power 
in  the  pneumatic  mechanical  portion  of  this  machine 
practical,  thus  permitting  for  the  first  time,  the 
concept  of  nigh  velocity  planishing  with  multiple  blows, 

PREFILL  VESSEL  DESIGN 


Stabilization  of  fluid  level  will  be  achieved  by 
three  ultra-sonic  detectors  located  in  the  vessel  wall. 
Excessive  or  insufficient  fluid  level  will  automatically 
cause  a  correction  using  accumulator  fluid  to  add  to  or 
extract  from  the  fluid  in  the  gravity  vessel. 

SEQUENCE  INTERLOCKING  FOR  MAIN  CONTROL  V,T VES 

All  critical  controls  have  interlocing,  based  on 
pressure  switches  that  sense  static  and  dynamic  fluid  flow. 
For  example,  consider  the  main  return  outlet  valve,  IT-1 
in  Plate  VIII,  Both  these  valves  are  pilot  operated 
checks  and  have  counterparts  for  the  lower  cylinder  system 
denoted  1T-1A  and  1T-2A. 
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P  ate  XX  indicates  four  distinct  nodes  for  any  cylinder. 
All  pxlot  operated  checks  used  for  main  f’.nctions  such  as 
accumulator  flow  control  utilize  double  acting,  cylinders 
for  better  control.  Each  of  the  above  mentioned  modes  of 
flow  are  measured  oy  pressure  switches  and  remembered  by 
relays,  thus  intsrlocking  the  circuit  to  ensure  that  a 
return  to  tank  valve  has  closed  before  admitting  accumu¬ 
lator  fluid  to  the  cylinder. 

Plate  IX  gives  a  detailed  study  of  the  pilot  controls. 

To  reduce  effect  of  fluid  inertia  or  water  hammer  we 
elected  to  place  the  main  control  valves,  inlet  1  and  1A 
and  outlet  2  and  2A,  as  close  to  cylinder  ports  as  practical 
and  control  the  respective  inlet  and  outlet  operating 
cylinders  with  single  valves  as  shown  in  Plate  IX. 

A  simpler  arrangement  would  be  to  use  a  single  larger 
valve  to  replace  1,  1A  and  2,  2A.  However,  the  much 
longer  piping  network  necessitated  by  this  approach  would 
increase  the  water  hammer  effect. 

In  order  to  ensure  proper  sequential  control,  pressure 
switches  placed  about  FIXED  HYDRAULIC  OHE  WAY  IMPEDANCES 
are  used  to  signal  the  difference  between  dynamic  and 
static  conditions  of  the  cylinders  controlling  the  main 
pilot  operated  checks. 

By  means  of  a  "TRUTH  TABLE"  based  on  the  outputs  of 
these  pressure  switches,  proper  sequential  relay  signals 
from  these  pressure  switches  can  be  used  to  signal  a 
stepping  relay  to  stop  the  machine  cycle  or  go  ahead  to 
the  step  if  conditions  monitored  by  the  pressure  switches 
are  OK.  The  "TRUTH  TABLE"  arrangement  of  the  pressure 
switch  contacts  act  as  limit  switches  within  the  operating 
cylinders  and  flow  switches  to  detect  movement  of  the 
cylinders  in  a  particular  direction.  Hence,  after  the 
control  vxlvi  solenoid  has  been  given  a  signal  to  "DO"  a 
task,  feedback  from  the  task  must  also  take  place  before 
driving  the  control  stepper  to  its  next  event  position. 

The  operator  at  the  console  receives  an  indication  of 
where  the  automatic  is  at  any  instant  by  means  of  a 
digital  readout  device  on  the  upper  right  hand  portion 
of  the  console  desk,  Plate  XIV. 
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TRUTH  An  Indication  of  ’’TRUTH  TABLE"  logic  that  can 

TABLE  be  stored  by  relays  is  indicated  below  for  the 

LOGIC  pressure  switches  in  Plate  IX. 

Note:  All  pressure  switches  are  set  at  some 

pressure  less  than  that  created  by  the  im¬ 
pedance  of  the  fixed  orifice  under  flow. 

KEY - X  DENOTES  CLOSED 

0  DENOTES  OPEN 

B  DENOTES  UNRELIABLE  -  DO  NOT  MEASURE 


PR  SWITCH  N.O. 
CONTACTS 


RELAY 

1  -  CYCLE 

IS 

RETRACTED 

RELAY 

2  -  CYCLE 

IS 

EXTENDED 

RELAY 

3  -  CYCLE 

IS 

EXTENDED 

RELAY 

1*  -  CYCLE 

IS 

RETRACTING 

A  B  C  D 


X 

0 

X 

0 

X 

a 

0 

X 

0 

X 

0 

X 

a 

X 

X 

0 

110  V 


1*0 


SUMMARIZING 


Four  inodes  can  be  extracted 
and  so  require  the  stepper 
to  note  feedback  before 
going  ahead. 


1*1 


APPENDIX  III 


Summary  of  Computer  Programs  and  Stress  Analysis 


GENERAL 


Our  utilization  of  the  IBM  1800  computer  for  design 
studies  and  for  stress  analysis  studie.  is,  we  believe, 
unique  for  the  press  industry.  It  enabled  us  to  include 
in  our  programs  the  effect  of  more  variables  than  are 
usually  accounted  for  when  designing  this  type  of  equip¬ 
ment  . 


The  prime  advantage,  of  course,  is  the  assurance 
that  the  final  design  is  the  most  satisfactory  possible 
from  the  alternatives.  However,  we  feel  that  further 
refinement  of  the  computer  design  technique  would  provide 
an  accurate  and  rapid  method  of  sizing  other  presses, 
both  upward  and  downward  from  this  particular  design. 

This  summary  of  the  various  computer  programs  and 
their  results  is  therefore  included  in  this  report. 

This  information  plus  copies  of  the  actual.'  computer 
print-outs  was  submitted  as  Data  Item  B003  under  the 
contract,  "Stress  Analysis  Report."  For  simplification, 
the  actual  computer  print-outs  are  omitted  from  this 
report . 

Program  I  -  Study  of  Initial  Velocity  vs.  Basic  Parameters, 

- -  """"  "  of  Fire  Pressure.  Stroke.  Net  Impact  Time  and 

Energy 

A  simple  program  was  written  which  would  store  design 
inputs  of  dimensional  data,  volumes,  weights  and  varying 
gas  pressures.  The  program  then  would  yield  outputs  of 
impact  velocity,  exact  point  of  collision,  impact  time, 
final  reduced  pressures  due  to  adiabatic  gas  expansion 
and  total  net  energy  developed  as  a  printed  out  quantity. 

It  would  compute  this  data  to  a  great  accuracy  since 
it  made  individual  computations  for  units  of  time  as 
small  as  1/10,000  second,  "DT"  being  an  input  quantity. 

In  this  Fortran  Plan,  U-Cup  friction  and  the  simple 
cushion  system  parameters  of  diameter  and  pressure  are 
taken  into  account  along  with  allowance  for  tooling 
weights,  "Toolwt." 
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No.  1  FORTRAN 


READ ( 2,  1 )  VOL,  URIIWT,  DllMWT,  5TR,  TOO  LW  ,  URF  P,  l)!!F  P,  DT,  URD  I  A,  DUD  I  A,  HP, 

1  FOIIMAT(1F6.0,2F5.0,1F3.1,1F5.0,2F4.0,1F4.4,2F2.0,1F3.0,1F3.2) 
'JRMAS* ( UtUHJT ♦ .  33  3*TOOLU  )/336. 

UUMA5" ( DRMWT* . GGG  *TOOLW  ) / 3 86 . 

2  T»0 
URSTR-0 
DRSTR-0 
URVEL-0 
URVEL-0 
URP*URFP 
ORP=DKF  P 

DRA=».  7C5*DRDIA**2. 

URA=.785*URDIA**2.0 

3  T  =  T +DT 

URTIIR  =  IJRP*URA-URP*UltniA*.  2*.  333*TOOLW  +URIIWT 
5ETFO  *( . 7C5*5P**2.  )*GP 

DRTI!R“DKP*DRA-PI!P*PRPI  <>*  .  2-.  GGG*TOOLW  +SETFO-PRIU!T  , 

UliACC  “URTHR/URMAS 

URACC-DR7HR/DRHAS 

UR VE L “UllV  E  L+URACC*DT 

DKVEL-URVEL+URACC*UT 

URSTR“URVE  L*DT  +URSTR 

DRSTR"DRVE  L*l)T +DRSTR 

URDIS  -URSTR*URA 

PRO I S  “DitSTR  *DRA 

URP-URFP*(  VOL/(  VOL+URDI  S)  )**1. 4 

DRP“DKFP*(VOL/(VOL+DRPIS))**1.4 

IF  (URSTP.+PRSTR-STR)  3,3,4 

4  RELVE  =URVEL+DRVEL 

EN*(  (  .  5*URI1AS*URVEL**2.  )  +  (  .  5*DRMAS*DI(VF.  1**2.  ) )  /  12. 
l.:R  I  TE  ( 1,  5  )  DT 

f.  FORMAT ( 4 BHCB  LOW  SINGLE  UPPER  AMD  LOWER  RAM  VELOCITY  STUDY,  2X, 
110HTII1E  I  NT  EG,  F(i .  4,  3HSEC/ /  ) 

WRITE (1,0 )URniA,nnniA,STR,  VOL 

1,  FORMAT  (  SIIURD I  A,  F4.0,  IX,  5HORDIA,F4.0,  IX,  13HSTK  TO  IMPACT, IX, FS . 1 , 
11X,  SIIF  I  RE  VOL,  Fo  .  0/  ) 

UK  I  TE  (  1,  7  )  URMWT,  OR!  IWT,  TOO  I.W,  S  P,  SD 

7  FORMAT (  5HURMWT,  F  7 . 0,  IX,  5UDRMWT,  F  7 . 0,  IX,  CI'TOOI.WT,  F7. 0,  IX,  GUSTT  PR 
11X,F5. 0,  IX,  7IISET  DIA,F5.2//) 

WRITE <1,8  ) 

8  FORMAT  (UX,  4IIFI  RE,  3  X,  SUFI  UAL,  2X,  OHSTROKE,  IX,  SMVFLOC,  1 X  ,  f.H  1 1 1  PACT,  1 
1 3HNET, IX, CM  ENERGY, ?X, 4HTIMF) 

WRITE (1,9 ) 

9  FORMAT ( 10 X,  2HPR,  SX,  2IIPR,  12X,  2111  N,  4 X,  4HTIME,  14X,9I'I  NOR EMTMT  ) 

WRITE (1,  10  ) 

10  FORMAT  (10X,  3IIPS  I  ,  3X,  31'PSI  ,  GX,  2MIN,4X,3!!SFC,3X,  30SFO,  3X,  F.HFT  LIT, 
10 X, 4HSECS/  ) 

W  RIT  E  (1, 11)U  R  F  P, U  RP,  URSTR, URV  F.L,T 

11  FORMAT( 9HU PPER  RAM,  FG.O, 1X,FG.0,1X,FG.2,1X,F5.0,1X,F5.3) 

WRITEd,  12  )DRFP,  DRP,  DR5TR,  ORVEL,  T 

12  FORMAT  (911  LOW  Eli  RAM,F0.0,  IX,  FG  .  0,  IX,  FG  .  2,  IX,  F  S .  G,  1 X  ,  F  5 . 3  ) 

WR  I  TE  (1,  1 3  )  STR,  R  E  LVE,  T,  EN,  DT 

13  FORi IAT (  GH TOTALS,  1 7X,  FG .  2,  1 X,  F  f> .  0,  IX,  F  5 . 3,  2X,  F'J .  I),  3X ,  Fl. .  4  ) 

CALL  EXIT 

END 


DISCUSSION  OF  RESULTS 


Our  first  print-out  gave  velocities  and  energy 
approximately  within  the  specifications  for  1500  psi 
fire  pressure. 

It  became  evident  that  the  assumed  ram  weights  were 
slightly  excessive  in  relation  to  our  efforts  to  attain 
specification  velocity.  We  now  felt  that  we  must  study 
the  shaping  of  the  counterblow  ram  system  with  an  eye  to 
reducing  unnecessary  weight  and  so  attain  the  highest 
velocity  possible  to  enable  us  to  comply  with  the  speci¬ 
fication. 

At  this  time  we  had  an  indication  that  our  fire 
volume  was  excessive  and  it  remained  for  future  Program 
III  to  develop  further  machine  parameters. 

We  also  developed  a  program  concept  for  determining 
exact  cushion  system  parameters,  Program  IV,  by  rebuilding 
the  Fortran  of  Program  I  to  take  into  account  high  fluid 
flow  to  the  cushion  systems  and  an  exact  accounting  of 
cushion  thrust  with  High  Reynolds  Number. 


To  fully  understand  the  Input  dimensions,  refer  to 
drawings  "Dimension  Key"  and  "Load  and  Moment  Arm  Key," 
AA-10521  and  AA-10522. 

Although  bolster  section  was  set  up  as  an  I-Beam, 

It  can  be  programmed  as  a  solid  bolster  by  merely 
making  the  flange  thickness  " FLGTH "  equal  to  1/2  the 
bolster  thickness  "BOLTH.” 


The  program  will  compute  the  weight  of  any  size 
column  and  bolster  assembly  and  give  breakdowns  of 
the  weight  distributions. 

The  abbreviations  are  almost  self-explanatory  on 
the  weight  breakdowns. 


FLGWT  -  Flange  weight  -  bolster  I-Beam 

WEBWT  -  Web  weight  -  Bolster  I-Beam 


GUI  WT 
FILLWT 

HOLE 

TOOWT 

BOMIX 


Total  weight  of  guide  portion 

Weight  of  fillet  radius  blend 
portions 

Hole  in  column  if  used;  if  not 
used,  input  -  0 

Tool  weight  (This  effects  inertia 
stress  and  velocity  for  any  given 
Energy  Input.) 

Moment  of  inertia  of  the  bolster 
section.  (Uses  the  75"  ram  width 
and  computes  the  cube  of  the 
"BOLTH"  depth  of  ram  taking  into 
account  I-Beam  design  when 
applicable • ) 
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COMPUTER  PROGRAM  II 


Fortran  Plan  Descriptive  Notes  on 
Program  Studying  Ram  Weight  Vs.  Inertia  Stres 


Ram  'Diagram  Included  Depicting  Moment  Arm 
and  Force  Abbreviations  Used  in  Fortran  Plan 
Dimensions 


General  Discuss 

Particular  Discus 


Ion  of  Printout  Data 
aion  of  Printout  Data 
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General  Discussion 


Basic  relationships  between  flexure  Btress ,  FLEXS, 
in  the  critical  section  of  the  rams  were  studied  as 
they  varied  with  severe  hard  shots.  A  "hard  shot 
being  a  blow  with  a  small  amount  of  metal  deformation, 
and  a  high  number  of  (G)s  "DEACCEL."  The  smaller  the 
deformation,  "STOP,"  the  harder  the  shot  and  the  higher 
the  flexure  stress  of  the  portion  of  the  rams  beyond 
the  workpiece,  "  ill  LLW  .  " 

This  flexure  stress,  which  is  tl  limiting  criteria 
of  any. high  velocity  machine,  determines  a  safe  upper 
level  of  operation  with  respect  to  the  hardness  of  the 
shot  or  severity  of  the  blow.  This  is  usually  discussed 
in  terms  of  "G"  level  which  is  the  primary  reaction  of 
the  rams  to  the  forging  load  and  is  printed  in  the 
first  column  of  output  sheet. 

This  program  for  any  particular  .it  of  dimensional 
inputs  and  die  dimensions  yields  an  output  of  varying 
tonnages.  These  tonnages  or  tool  reactions  are  then 
related  to  "DEACCEL  (G)s"  -  Deceleration  'G'  level, 
"FLEXS"  -  Flexure  stress  which  is  limiting,  "CSTRE"  - 
Compressive  stress  due  to  the  weight  of  the  column, 
"BEACC"  -  Deceleration  time,  and  "GTOP"  -  actual 
metalforming  stroke  required  to  generate  the  particular 
load  at  any  particular  impact  velocity  printed  above 
"STOP." 

Particular  Discussion 

Ilote  that  in  Printout  II2,  negative  moments  give 
rise  to  an  unnaturally  reduced  flexure  stress.  Data 
inputs  were  corrected  to  yield  more  conservative  values 
of  flexure  on  Printout  II3. 

Printout  II3  is  a  realistic  run  of  a  solid  ram  operat 
ing  at  a  reasonable  impact  velocity.  Mote  that  velocity 
has  been  reduced  from  350  to  320  inches  per  second  per 
each  ram. 
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Dote  that  field  of  the  maximum  angle  haa  been 
increaaed  to  three  placet  to  show  elastic  curvature 
of  the  bolster  section  under  high  'G'  loading.  The 
small  deflections  shown  are  due  to  the  weight-moment 
relationship  of  the  portion  of  the  bolster  extending 
beyond  the  assumed  width  of  tooling  of  1*5"  •  The 
previous  run,  II2,  was  based  on  wider  tooling  width 
of  "BILLW"  -  50".  This  was  the  principal  data  change 
that  resulted  in  elimination  of  the  negative  moments 
on  Printout  II2  previously  discussed. 

Summarizing,  Program  II  yielded  significant 
results.  Using  the  outputs  of  Program  I,  *.  am 
diameters  and  Impact  velocity,  and  varying  ram 
bolster  thicknesses  and  plan  viev  dimensions  as 
inputs,  we  investigated  key  stress  and  deflection 
resulting  from  soft  to  extremity  hard  blows.  The 
range  investigated  was  from  250  to  2,250  G's, 
corresponding  to  tooling  tonnages  of  9*424  to  8U,8l8 
at  impact  velocity  of  640  to  TOO  inches  per  second. 

Mote  that  at  1,000  G's.,  the  stress  levels  in  flexure 
of  the  solid  ram,  exhibit  2,  is  a  safe  10.38T  psi 
with  an  assumed  billet  or  die  width  of  50”.  The 
corresponding  tonnage  that  is  produced  is  3T.697 
with  a  total  metal  deformation  of  twice  .158"  or 
.316".  It  is  interesting  that  this  blow  takes  place 
in  the  5/16"  of  metal  movement  in  approximately 
1/1,000  second  at  an  Impact  velocity  of  TOO  inches 
per  second. 

What  is  particularly  attractive  about  this  program 
is  that  any  bolster  configuration  can  be  readily 
programmed  so  that  resultant  weights  of  bolster  and 
column  are  machine  calculated  along  with  the  resultant 
stress's  produced  on  the  rams  when  hitting  a  particular 
forging  of  known  width,  "BILLW," 

The  weight  moment  effects  of  tbs  bolster  were  sub¬ 
divided  and  printed  out  so  that  an  unusually  bad 
condition  of  overhang  could  be  pinpointed  quickly. 

The  overhang  of  the  ram  was  divided  into  three  parts. 

The  central  section  having  parallel  sides  was  considered 
with  respect  to  the  widest  portion  of  tooling  designated 
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"BXLLVf."  Then  if  there  vu  a  positive  movent  of  this 
•action  causing  flexure  it  vai  computed  and  its 
Moment  Aria  about  "BILLW"  vas  designated  "CZMOA."  A 
negative  sign  indicating  that  the  width  of  the 
parallel  sides  was  smaller  than  "BILLW,"  e.g.  BILLW  - 
50  and  BOLFL  -  Uj  1/2,  a  minor  negative  weight 
moment  occurs  which  we  first  thought  tends  to  reduce 
the  flexure  moment  stress  by  a  minor  amount.  Errors 
resulted  due  to  improper  Fortran  interpretation  of 
this  negative  moment.  The  errors  resulted  in  an 
artificially  reduced  flexure  stress  readout  labelled 
"FLEXS"  on  the  printout  worksheet  which  we  felt  was 
not  conservative.  Exhibits  are  included  to  shov  the 
reinterpretation  of  this  negative  moment  and  its 
effort  on  the  printout  flexure  stress.  Note  that  in 
exhibit  F-3#  the  negative  moment  sign  is  deleted  from 
the  breakdown  of  weights  and  their  moments  and  the 
resultant  flexure  stress  level  prints  out  at  a  higher 
value  which  we  feel  is  more  conservative  interpretation. 

That  leaves  the  guide  portion  and  the  Intermediate 
gradually  tapering  portion  to  be  considered.  The 
weight  of  the  guide  portion  and  its  respective  flexure 
moment  arm  about  the  extreme  edge  of  the  tooling  are 
designated  "WTGU"  and  "GUMOA"  respectively.  Counterpart 
^uantitlei  for  the  intermediate  section  are  designated 
"WTINT"  and  "BIMOA". 

The  flexural  resistance  to  both  stress  and  deflection 
is  proportional  to  the  moment  of  inertia  of  the  bolster 
at  the  critical  edge  of  the  tooling.  This  value  along 
vith  a  complete  breakdown  of  all  inputs  and  computed 
weight  distribution  for  the  ram  column  assembly  are 
printed  out  by  the  computer  in  printouts  for  Program 
II  denoted  II^,  Ilg  and  1X3. 
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COMPUTER  PROGRAM  III 


Plan  and  Revlev  of  Final  Results 

Machine  Design  Stress 

Analysis  of  Ksy  Members 

Review  of  Overall  Results  Along  with 
Explanations  of  "Soft"  Items  Not  Directly 
Answered  by  Computer  III3  Printout 


Detail  Mo.  I  Column 


After  many  trial*  a  column  ram  and  cap  diameter  of^ 
2k"  and  36"  vas  chosen.  The  ram  diameter  was  principally 
chosen  as  a  result  of  kinetics  studies  in  I  and  XV  to 
accomplish  rated  specification  parameters  of  energy  and 
velocity  with  pressures  conservative  enough  to  assure 
results.  If  required,  pressure  levels  could  be  increased 
to  2000  PSX  which  has  been  past  Dynapak  criteria  for  fire 
chambers . 

With  a  total  weight  of  ram  and  bolster  of  70,000 
pounds  (determined  as  reasonable  from  programs  I,  II 
and  IV),  the  critical  pressure  in  the  upper  fire  chamber 
needed  to  hold  the  upper  ram  in  balance  is  123  PSI. 

The  complex  stress  in  this  cap  corresponding  to  an 
approximate  35,000  ton  blow  were  investigated  ard  found 
to  be  a  reasonable  approximate  17,000  PSI  stress  due  to 
flexure.  Many  cap  thicknesses  were  evaluated  before 
choosing  one  for  t:  e  best  combination  of  strength  to 
weight  as  evidenced  *>y  100C  'O'  flexure  stress. 

Studies  indicating  the  potential  column  weight  saving 
with  hollow  construction  indicate  55%  reduction  possible. 
Such  weight  savings  cannot  be  ignored  when  studying  the 
compressive  stress  at  the  root  of  the  column  at  rated 
1000  'O'.  Note  that  with  the  hollow  construction  the 
compressive  1000  '  G*  stress  at  the  base  of  the  column 
taking  into  account  the  cap  is  a  reasonable  approximate 
17,000  PSI. 

The  first  column  connections  studied  were  two  member 
column  and  separate  bolster  designs.  An  early  program 
in  this  III  group  was  run  for  a  column  clamp  plate  se¬ 
cured  with  (2C-)  4"  studs.  Both  clamp  plates,  detail 
number  4,  reached  an  excessive  weight  of  approximately 
11,000  pounds  baaed  on  a  9"  thickness.  This  design 
takes  into  account  leverage  edge  effects  and  assumed 
full  1000  'G'  reversal  based  on  capability  to  take 
particular  hard  shots.  Joint  was  designed  to  transfer 
eccentric  loading  up  to  10,000  PSI  flexure  in  the  major 
column  diameter  and  the  excessive  weight  arose  mainly 
for  this  consideration. 
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A  program  for  a  (4)  tooth  bayonet  lock  vai  conaidered 
and  preliminary  Fortran  Program  written  but  vai  diecarded 
in  favor  of  a  sow  key  lock.  The  iov  key  lock  being 
similar  in  design  to  conventional  hammer  practice  used  to 
lock  tooling  to  beds. 

The  sow  key  design  was  successfully  programmed  and 
proportions  of  an  acceptable  design  were  determined. 

Design  criteria  here  wns  that  key  should  withstand  a 
full  1000  ’O'  reversal..  This  criteria  is  conservative 
since  strain  gage  test.ng  of  this  portion  of  the  one 
piece  col uain  on  our  1220  and  620  have  never  shown  any  major 
'G*  reversals.  Reversals  only  occur  at  sections  subject 
to  flexural  beam  ’G'  stresses  at  critical  Junctions  of 
Dynapak  frames.  A  1220  C  test  shot  involving  over  100,000 
foot  pounds  with  less  than  1/64"  deformation  was  strain 
gaged  and  showed  only  a  simple  compressive  stress  at  the 
Junction . 

During  the  computer  program,  t.  major  forging  vendor 
furnished  us  with  a  quotation  for  a  one  piece  ram-column. 

By  having  a  better  alternative,  we  now  abandoned  further 
computer  studies  with  the  sow  key  ram  lock  In  favor  of  a 
simple  one  piece  forging.. 

X-Beam  Detail  Mo.  Ill 

The  upper  and  lower  X-beams  are  fabricated  from 
rolled  18"  thick  mild  steel  slabs  and  machined  to  17" 
thickness.  Mote  under  maxiaum  thrust  corresponding  to 
a  1. 3/1.0  overload  ratio  maximum  flexure  stress  developed 
in  these  X-beams  equals  approximately  10,500  PSI.  This 
calculation  takes  into  account  the  anchoring  pattern  of 
the  main  side  frame  studs  and  the  centroid  of  the  fire 
chamber  reaction  tierods  which  transmits  the  thrust 
reaction  to  the  X-members. 

The  simple  tensile  and  hoop  stresses  in  many  of 
the  machine  members  wars  calculated  based  onl. 3/1.0 
over-pressure  load.  Stresses  were  based  on  actual  root 
area  and  simple  hoop  stress  criteria  where  St  *  I . D.  x  Pres s . 

2  x  Wall  Thick 
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Detail  Stud  No.  VII 

With'  regard  to  the  atuds  anchoring  tie  plates  to 
side  members  it  vas  felt  that  many  small  heat  treated 
studs  vould  be  better  than  a  fev  very  large  tierods  and 
nuts  running  through  the  entire  length  of  the  structure. 
Poor  experience  on  early  Dynapaks  with  large  nuts  that 
became  frozen  to  tierods  after  a  year  of  service  affected 
this  decision. 

The  initial  series  of  Fortran  computations  indicated 
that  our  first  sizing  choice  vas  too  small  however.  Hand 
computations  of  the  stud  loading  due  to  leverage  after 
increasing  the  number  of  bolts  in  the  extreme  leverage 
now  reduced  the  flexure  stress  in  the  3"  -  8N  alloy  stud 
from  90,000  PSX  in  the  smaller  fastener  to  17,000  PSI  at 
rated  1500  PSI  fire  pressure  after  increasing  both  the 
size  and  number  of  fasteners  in  the  extreme  row.  With 
this  change,  ve  utilize  (18)  3"  studs  per  side  member 
so  that  the  direct  tensile  stress  due  to  maximum  rated 
thrust  is  only  as  follovs:  (Reference  drawing  10523/A). 

At  2000  PSI  F.P.  thrust  on  each  side  member  equals 

452,159  pounds  with  a  24"  diameter  ram. 

Root  area  of  3"  -  8n  stud  equals  6.6  inches  based 

on  2-85"  root  diameter. 

St  ■  452.159#  -  3,800  PSI 

(IBM  6. 6) 

It  is  clear  that  the  simple  direct  stresses  even  at 
overload  of  1. 3/1.0  are  insignificant  considering  the 
strength  of  the  alloy  -  heat  treated  studs  and  helicoil 
Inserts  used  to  tie  down  the  basic  frame  components. 

To  get  a  high  efficiency  Joint  between  the  end  members 
and  side  slabs  (6)  4"  diameter  dowels  were  used  on  each 
slab  connection  (Reference  10523/B).  Since  these  dowels 
have  generous  bearing  surfaces  and  are  made  from  high 
hardness  shock  resistant  steel  assume  an  allowable  shear 
stress  of  20,500  PSI  to  develop  resistance  to  side  loading, 
The  total  side  resistance  of  the  dovels  not  counting 
frictional  drag  of  the  main  fastener  end  studs  would  be 
equal  to  - 

Sside  *  <12)(10  1/4  TSI)(42  x  .784) 

Sside  “  1.550  Tons 
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The  total  frictional  load  duo  to  a  20,000  PSZ 
preatreoa  on  the  (36)  3"  atudo  clamping  tbo  ond  platoo 
to  the  side  memher  assuming  a  friction  factor  of  .3  is  - 

Fr  side  “  ^ )  6.21  x  10  Ton/in.2  x  .3  ■  660  Tons 

The  total  resistance  to  side  loading  between  the  end 
plates  and  side  members  is  approximately  2,230  tons 
talcing  into  account  reasonable  factors  of  safety. 

To  be  conservative,  neglect  the  frictional  side  load 
capability  of  the  main  anchor  studs  above.  Consider 
what  a  dowel  side  resistance  of  approximately  1,500  tons 
means  in  terms  of  eccentric  forging  loads.  Bote  that 
half  this  load  is  put  into  each  -  solid  slab  tover. 

Bending  Considerations  and  Side  Load  Capability 

Because  integral  rams-columns  are  utilized  they  tend 
to  reduce  point  loading  or  the  gibs  for  off  center  loading. 


2  Pc 


Pc 
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In  any  c'blow  machine  reaction  moments  of  upper  and 
lower  ram  systems  will  be  equal  and  opposite  and  the 
fixed  structure  is  called  upon  to  react  these  moments 
within  the  gib  guiding  arrangement.  Excessive  gib 
bearing  stresses  will  cause  stick  slip  under  load  and 
so  Impair  the  efficiency  of  the  process.  It  is  for 
this  reason  that  the  integral  ram  design  was  chosen 
for  both  rams.  The  tremendous  section  modulus  will 
reduce  gib  loading  without  increasing  the  weight  of  the 
rams.  The  only  other  method  of  reducing  gib  loading 
under  eccentric  conditions  is  to  make  the  height  of 
the  box  section  much  longer.  Note  that  with  the 
proportions  in  our  design  a  36"  deep  section  even  when 
contoured  at  the  perimeter  where  it  is  unnecessary 
and  undesirable  caused  a  resultant  closing  velocity 
lower  than  contract  specification  with  the  specification 
proportions  of  plan  area. 

Working  backwards  assume  a  one  foot  stroke  of  each 
ram  prior  to  impact.  Now  stress  the  column  in  flexure 
to  a  safe  maximum  value,  say  one  half  the  minimum  yield 
strength.  For  a  maximum  vorking  stress  of  1*0,000  PSI 
what  moment  can  column  sustain. 
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A  24"  diameter  ram  has  a  section  modulus  of  1380  in* 
The  maximum  force  'F'  it  can  sustain  is  based  on  simple 
flexure . 

40,000  PSI  -  Sb  -  _M _  -  F  x  18" 

SiMi  S.M. 


Solving  for  F  =  1.380  x  40,000 

18 


3,030,000  Lbs.  or 
1,523  Tons 


Nov  consider  the  effect  of  this  tonnage  acting  as 
a  couple  to  the  furthest  extreme  gib  shoes.  The 
bearing  pressure  of  these  shoes  under  this  arbitrary- 
side  moment  load  will  be  as  follows  on  the  11  x  5  1/2 
area  sets  of  gib  shoes. 

Sb  *  762  Tons  -  12.9  TSI 
5  1/2  x  11 


The  bearing  area  in  the  main  bushing  under  the  same 
loading  will  be  - 

Sb  -  1525  -  3.6  TSI 

18  x  24 


Making  the  shoes  much  longer  would  not  help  due  to 
the  elastic  conditions  in  slabs  under  the  action  of 
these  huge  loads. 

To  insure  low  friction  and  minimum  wear  under 
relatively  high  gib  pressures  bard  facing  materials 
of  differing  hardness  and  alloy  are  to  be  plasma 
sprayed  on  both  the  gib  rail  and  ram  wear  shoes. 

These  surfaces  will  be  56-61  Rc  Colmonoy  #6  chrome 
boron  nickel  for  the  rail  and  45-50  Rc  Colmonoy  #5 
somewhat  lower  alloyed  than  #6  for  the  shoes.  Their 
inherent  controlled  porosity  vill  allow  the  retention 
of  high  pressure  lubricants  such  as  M0  Sg. 

Getting  back  to  the  stresses  under  the  maximum 
flexure  condition.  Next  consider  the  means  of  trans¬ 
mitting  lateral  side  load  from  the  18"  thick  end  plates 
to  the  26"  thick  side  posts.  Although  we  utilize  (36) 
3"  studs  in  each  end  plate  to  make  the  connection  to 
the  side  posts,  neglect  the  considerable  side  friction 
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developed  by  thee#  etude.  Thie  friction  will  be 

approximately  - 

Fr  ■  (36)  6.2  in.^  x  10  Ton/in. ®  x  .3  in.  ■  680  Tone 

The  aide  load  neglecting  thie  friction  will  produce 
a  ahear  streee  of  10.2  TSI  on  the  (12)  It"  diameter  solid 
alloy  dowele  inetalled  to  get  great  rigidity  at  the 
principal  cornere  of  the  structure. 

S,  -  1525  Tone  ....  -  10.2  TSI 

Dowele  (12)  a*  x  .T05 

To  complete  the  etrese  picture  in  the  26"  thick 
side  elab  coneider  the  effect  of  thie  load.  Each 
nominal  side  elab  hae  a  section  modulus  of  9,200  in.J 

Z  m  bd2  b  ■  82 

~T~  d  -  26 


The  resultant  flexure  stress  on  the  side  members 
approximately  4'  down  from  the  top  is  8,000  PSI. 

Sh  m  m  *  762  x  2000  x  48  ■  8,000  PSI 

Z  9,200 


Choice  of  762  tons,  half  the  total  side  load  of 
1525  tons ,  was  due  to  the  action  of  both  vertical 
slabs  to  divide  any  side  load  transmitted  through  the 
top  ram  bushing  by  the  24"  diameter  column. 


Note  that  for  eccentric  loading  90°  away  from  the 
axis  discussed,  the  side  members  will  be  stiffer  and 
stronger  by  the  ratio  of  -  28.6.00  -  1,3.15»1.  Therefore, 

9,200 

for  the  example  previously  cited  the  flexure  stress  in 
the  simple  side  ?o.t  will  be  8,000.  only  2,500  PSI  in  the 
strong  axis.  3-15 
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Ill  Plan 
Explanation  of 
Fortran  Plan  for 
Machine  Design 
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The  latest  Fortran  Plan  i6  Included  here  for 
reference.  The  scope  of  this  machine  design  task  was 
very  wide.  Note  that  this  Fortran  is  written  for  a 
two  piece  ram-column  with  a  sow  type  of  key. 

Prior  to  this  design,  the  present  Fortran  was 
written  for  bolted  gland  type  of  connection  which 
proved  too  ponderous  to  be  practical. 

Even  the  sow  key  lock  which  we  have  fully  pro¬ 
grammed  and  proportioned  is  far  inferior  to  an 
integral  ram  design.  When  it  was  determined  that  a 
one  piece  integral  ram-column  was  practically  feasible, 
ve  abandoned  all  thought  of  any  other  alternative. 

No  further  Fortran  vti  programmed  and  hand  computations 
of  design  relationships  of  the  one  piece  ram-column 
to  the  total  machine  environment  were  then  made. 

Summarising 

Fortran  expressions  for  Program  III  attempted  to 
store  as  many  of  the  designers  key  input  specifications 
as  possible  and  relate  them  to  critical  stresses  im¬ 
posed  by  a  combination  of  static  pressures  and  dynamic 
inertia  forces.  With  this  scheme,  it  was  felt  that 
danger  areas  could  be  pinpointed  early  in  the  program. 
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List  of  Key  Design  Ststistlcs 
(Refer  to  Drswing  10523) 
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PLATE  WIT 

(i. 


FORGING  MACHINE 
MODEL  2L3(, 


DWQ,  Klo.  10  525 


COMPUTATION  VALUfc 


A  Net  clamping  area  of  {36)  6.2  in.2  225  in.2 

(36)  3"  atuda  (root 
diameter  undercut)  to 
2  13/16  diameter. 


B  Shear  area  of  main  (12)  12.566  150  in.2 

structure  dowels  (12) 

V  c'iameter  in  both 
principal  planes. 


C  Section  modulus  of  ram  21*3  (,1)  1380  in. 3 

at  base  (before  radius) 

2l*"  diameter 


D  Total  side  bridge  area 

(•*)  gibs  and  (1)  ram 
bush.  (Same  in  both 
principal  planes) 

(1*)  x  5 
11  - 
17  x  2 1* 

1/2  X 

2  UO 
-  1*10 

650  in.2 

£  1.  Section  modulus  of 

side  post  (weak  axis) 
bd2 

b  -  82 
d  *  26 

9,200  in. 3 

2.  Section  modulus  of 
side  post  (strong  axis) 

b  -  82 
d  ■  26 

28,600  in. 3 

3.  Vertical  load  area 

CM 

CO 

X 

VO 

CM 

2,150  in.2 

1*.  Axial  stress  in  (3)  1*52  x  2000  210  PSI  -  Note 

due  to  2000  PSI  thrust  (2)  2,150  unusual  stiff¬ 
en  2l»"  ram,  ness  and  stability 

as  a  guide  housing. 


5.  Shear  area  of  T-gib  3  x  170 
retainer 


510  in 


2 


COMPUTATION 

VALUE 

F  1,  Shear  area  of  T-gib 

retainer. 

2  1/2  x  156 

390  i".2 

2.  (17)  2"  -  8N  gib 

bolts  area  at  root 
diameter 

1  13/6  root 
area  -  3.58 
in.2 

Ul*  in.2 

3.  Side  post  key 
(bearing  area) 

1  13/16  x  36" 
x  3/side 
(takes  into 
account 
chambers ) 

200  in,2  single 
side  post 

The  sturdy  axis  of  the  machine  is  actually  front 
to  back  rather  than  side  to  side,  due  to  the  3  fold 
stronger  and  stiffer  side  posts  in  this  direction. 
The  dowels  'A*  off  course  are  equally  strong  in  all 
planes  and  so  transmit  their  loading  equally  veil 
front  to  back, 

Consl deration  of  eccentric  loading  front  to  back 
leads  to  an  examination  of  hov  the  gib  holders  (V) 
are  retained  by  a  T-head  ini  egrally  machined  into 
slab  Ee ,  Shear  area  E5  in  the  side  posts  has  been 
purposely  made  stronger  than  its  mating  gib  ledge 
Fi,  $10  in.2  shear  area  side  post  versus  390  in.2 
for  the  gib.  The  proportions  of  these  tounges  have 
been  selected  to  minimise  flexure  stresses  and  allow 
relatively  higher  criteria  determine  design  load 
capability. 
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Allow  for  the  sake  of  visualizing  what  is  going 
on |  stressing  of  the  (17)  2"  gib  retainer  bolts  to  a 
conservative  tensile  stress  of  10,000  PSI  at  their  root 
diameters . 

Therefore,  on  their  pitch  line  one  row  of  gib  bolts 
will  safely  resist  a  force  of  10,000  PSI  x  (41*  in.**) 
440,000  pounds.  Upon  studying  chart  I,  it  will  be 
noticed  however  that  the  center  of  the  gib  taking  the 
loading  from  the  ram  has  a  greater  moment  arm  about 
the  corner,  19  1/4",  than  the  bolt  leverage  of  10  3/4". 
Therefore,  the  bolt  moment  is  reduced  to,  10  3/4  x 

19  1/4 

440,0*00  poutods,  245,000  pounds  at  the  gib  load  line. 
Summarizing  this  sustains  245  tons  by  use  of  the  gib 
bolts  on  two  side  posts  against  front  to  back  loading, 
which  is  the  strong  side  of  the  side  posts. 

Now  consider  the  built  in  T-ledge  which  have  a 
favorable  moment  arm  relationship  towards  loading  in 
the  front  to  back  direction.  From  chart  II  F-l  permit 
6000  PSI  shear  to  be  applied  to  an  area  of  390  in.2 
per  side, post.  Ton  reaction  is  then,  6000  x  390,  1,170, 

2000 

which  taking  Into  account  the  favorable  arms  causing 
turning  of  the  gib  corresponds  to,  33  1/4  x  1,170 

19  1/4 

tons/gib  x  2  gibs,  4,000  tons.  Adding  the  slight 
helpful  effect  of  the  gib  bolts  gives  a  safe  resistance 
to  front  to  back  movement  of  4,245  tons. 

This  brings  us  to  a  consideration  of  how  this  load 
will  be  transmitted  into  the  side  posts;  Chart  Il'yields 
the  bridge  area  of  this  side  post  key  F-3  and  from  this 
area  we  compute  the  maximum  frame  bearing  stress  under 

the  4,245  front  to  back  load  as,  4245  x  2000 _ ,  - 

(2)  200 

21,230  PSI.  This  is  a  very  reasonable  bearing  stress 
and  a  thicker  key  with  a  deeper  groove  in  the  side  posts 
and  gib  retainer  would  merely  increase  flexure  stresses 
in  the  notch  without  any  useful  result.  Longer  keys  of 
course  are  possible  but  the  present  arrangement  with 
the  (3)  short  lengths  of  key  facilitate  key  and  gib 
removal  and  access  to  replace  the  main  rams. 
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Summarizing  Design  Details 
from  Previous  Text  and 
Referencing  Them  to  Artvork 
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(A)  18/conn,  3"-8n  alloy  steel  studs  l»3lt0  35-38 
Rc  total  separating  resistance  are:  based  on  (36)  z 
2  13/16  root  areas  equals  6.21  in.2  x  36  *  225  in.2 
with  relatively  small  alloy  studs  having  minimum 
tensile  strength  of  200,000  PSI  it  would  be  safe  to 
stress  studs  to  50,000  PSI  at  vhich  stress  they  would 
have  a  capability  of  resisting,  225  x  25  TSI,  5,700 
Tons.  The  maximum  thrust  of  our  actuator  at  2000  PSI 
fire  pressure  being  only  1*52  tons.  Therefore,  it  can 
be  seen  that  the  machine  has  a  considerable  margin  of 
reserve  strength  to  accomodate  undetermined  eccentric 
forging  loads  and  still  maintain  stiffness  required 
for  good  guidance  of  rams. 

(B)  The  (6)  1*"  diameter  dowel  per  column  offer 
equals  resistance  strength  to  unknown  loading  tending 
to  cause  translation  and  resultant  loss  of  guidance 
system  stiffness.  Total  shear  area  of  (12)  dowels  is, 
l*2  x  .78U  x  12,  150  in.2,  at  a  shear  stress  of  20,500 
PSI  these  alloy  dowels  take  a  1550  ton  side  load  in 
any  direction. 

(C)  The  drawl: g  depicts  the  large  section  modulus 
resisting  rotating  forces  on  the  frame  assembly.  Note 
this  section  modulus  is  1380  in. 3 

(D)  Each  corner  5  1/2  x  11  area  of  55  in.2  area 

x  4  sets  side  means  that  220  in.2  bridge  area  for  side 
loads  on  rails  per  ram. 

(E)  Weak  axis  section  modulus  of  slab  side  frame 
equals  9,200  in. 3 

(F)  Note  the  manner  of  loading  the  slabs  from 
the  gib  holders  utilizes  the  full  strength  of  all 
members  by  means  of  T-shaped  projections  of  the  slabs 
and  rectangular  keys  axially  located.  The  strength 
of  the  combination  does  not  directly  depend  on  gib 
fastener  bolt  (F)  which  merely  affix  this  member  to 
the  slab  sides  (E).  Slab  T  section  Impart  a  clamping 
moment  to  gib  holders  which  is  favorable  leverage 
compared  to  gib  loading  of  rams.  Hence  the  ledge 
strength  of  slab  T  section  will  be  increased  by  the 
ratio  of  their  respective  moment  arms,  33  1/4/19  1/4, 
1.7  to  1.  The  section  modulus  of  the  T  shape  ( FI )  is 
as  follows  - 
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bd2 

T" 


b  =  length  of  gib  holder  »  156" 
d  -  depth  T  section  ■  3 


Z  -  156^x  9 


235  in.3 


The  flexure  moment  arm  is  approximately  1/2  the 
ledge  T  projection  equals  1  1/2".  Therefore,  at 
10,000  PSI  maximum  flexure  the  ledge  can  withstand 
load  P  in  tons. 

’0,000  PSI  =■  P  x  1  1/2"  x  2000 

235 


£ 21- 
1  1/2 


x  5  *  780  Tons 


Multiplying  this  ledge  T-section  safe  load  by  the 
favorable  leverage  ratio  we  find  that  the  equivalent 
load  each  slab  can  sustain  is  -  700  x  1.7  *  1,320  Tons 
Since  there  are  two  side  members  the  total  front  to 
back  safe  loading  that  can  be  applied  to  slabs  (E) 
based  on  interlocking  T-section  is  equal  to  2,640  Tons 
Of  course  this  many  alloy  2M  studs  attaching  the  gib 
holder  to  the  slab  will  considerably  add  additional 
side  load  capability.  However,  since  the  integral 
T-section  strength  is  so  great,  2,640  tons  with  a 
factor  of  safety  of  5,  we  prefer  to  consider  that 
the  T-section  is  used  to  prevent  the  gib  bolts  from 
seeing  peak  side  loads  can  eliminate  bolt  maintenance 
attention  due  to  stretching  and  loosening. 
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Separate  5  1/2  — ■■ 
Square  Gib  Ram  Shoes 
Doweled  and  Bolted  in 
!  lace 


Upper  and  Lower 
Rams  Identical  • 


Cushion  Cylindo 
6  Diameter  Ram 
See  Program  IV 
For  Further 
Explanaui on 


l£  MILLION  FT.  LB. 
FORGING  MACHINE 


MODEL  2436 

PICTORIAL  READOUT _ 

FINAL  PROGRAM  III3_ 
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2  13/16  root 
dia. 


Total  stud 
area  for 
clamping  top  ; 
pr  to  side 
posts 

(6.21  x  36)  = 

225  in2 
@10, 000  PSI 
Tons  =  225x10, POP 
2,  P00 

Tons  =  1225  | 

Max.  ram  thrusjt 
@2000  PSI'=  ; 
452  Tons 


Section 
modulus  of 
side  posts 
9,200  in3 
(weak  axis) 


l£  MILLION  FT.  LB. 
FORGING  MACHINE 
MODEL  2436 


CHART  xi 


COMPUTER  PROGRAM  IV 


Fortran  Plan 
Explanation 
Dynamic  Study 
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Note  that  the  reeulta  are  similar  tc  Program  I. 

Many  of  the  Fortran  cards  from  I  hare  been  used  to 
form  number  IV  program. 

The  I  program  has  been  modified  considerably  to 
show  the  more  complex  dynamics  of  the  cushion  system. 

Inputs  for  the  fire  chamber  system  are  identical  to 
Program  I.  The  input  data,  however,  had  at  this  time 
been  brought  up  to  date  with  the  results  of  Programs 
II  and  III. 

Several  cushion  cylinder  diameter  trials  were 
selected  before  choice  of  6"  diameter  cushion  rams. 
Larger  and  smaller  rams  would  not  satisfy  two  im¬ 
portant  sets  of  criteria. 

First  the  pressure  drop  (DPIR)  between  the  cushion 
tank  and  rams  must  be  a  small  fraction  of  cushion 
cylinder  "set  pressure."  This  ia  necessary  to  avoid 
cavitating  the  cushion  system  and  so  cause  excessive 
air  entrainment.  And  secondly,  the  cushion  ram  must 
have  enough  area  to  contain  the  after  impact  downward 
reaction  with  safe  and  reasonable  pressures. 

A  more  sophisticated  program  built  on  top  of 
Program  I  was  developed  to  better  understand  the 
physical  parameters  affecting  the  cushion  system. 

The  following  changes  were  made  to  Program  Ii 

I  -  Program  IV  did  not  assume  cushion  pressure 
to  be  constant.  Instead  it  computed  pressure 
in  the  cushion  cylinders  as  an  output  for  any 
size  cylinder  and  plumbing  combination  of  I.D. 
and  length,  "DPIR"  or  pressure  drop  between 
cushion  tank  and  cylinders  was  printed  out 
for  a  simulated  impact  seen  at  intervals  of 
12/1000  seconds  until  impact. 

II  -  Viscosity  of  the  fluid,  friction  factor 
of  ths  connecting  pipe  and  Reynolds  numbers 
during  the  very  rapid  advance  of  the  fluid 
cushion  system  were  taken  into  account  in 
Fortran  computations. 
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Ill  -  Friction  on  all  U-eup  aaala  was  computed 
baaed  on  actual  aeal  length,  instant  pressure 
and  friction  factor  of  .2. 


IV  -  Conditions  after  impact  were  also  investi¬ 
gated.  Excess  momentum  and  cushion  pressures 
required  to  safely  de-aecelerate  holster  were 
determined  and  printed  out  on  worksheets. 

The  program  also  measured  the  downward  movement 
of  the  rams  immediately  after  impact.  Pressures  in 
the  cushion  system  required  to  produce  the  arresting 
movement  are  input  values  to  program  and  are  printed 
out  as  "cushion  relief  setting."  The  time  required 
to  arrest  after  impact  movement  for  any  particular 
combination  of  cushion  cylinder  diameter  and  pressure 
was  printed  out  on  readout  sheet. 

The  printout  Indicated  that  criteria  are  reasonably 

met.  The  maximum  "DPIR"  or  droP 

was  338  P3I  or  approximately  56#  of  the  initial  600 

PSI  in  the  cushion  tank.  On  previous  runs  with  an  8 

diameter  cushion  cylinder  "DPIR"  was  greater  than  100# 

of  cushion  set  pressure.  For  the  6  di*“**' * 

cushion  pipa  velocity  was  u  reasonable  maximum  71  feet 

per  second  and  corresponded  to  a  Reynolds  number  o 

85,037. 

Cushioning  after  impact  which  is  the  primary  function 
of  this  system  appears  very  attractive  witn  the  two  6 
diameter  rams. 

A  relief  valve  setting  of  2500  PSI  causes  a  de¬ 
celeration  of  both  rams  after  impact  of  approximately 
1/3  of  a  'O',  resulting  in  a  stopping  distance  or 
approximately  1"  in  6l  milliseconds  of  time. 

%r  te  that  this  program  yields  a  maximum  impact 
velocity  of  approximately  632  inches  per  second  at 
1  590  029  foot  pounds  tpproxistt#  rutsd  energy > 

>.l”  ■>"!»  1300  PSI  fir. 

nr-ssure  was  required  to  produce  rated  energy.  Tne 
b«Ic  mlchin.  hi.  been  designed  to  safely  «comodate 
2000  PSI  fire  pressure  in  both  the  gas  ram  and 
hydraulic  system. 
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Diacussion  of  IV2  Printout 
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This  last  dynamic  run  was  made  to  bracket  the 
capability  of  the  machine.  Note  that  fire  pressure 
has  been  set  for  its  maximum  design  limit  of  2000  PSI. 
With  cushion  pressure  set  relatively  high,  1000  PSI, 
to  reduce  gravity  offsets  on  the  lover  ram  an  energy 
output  of  2,075,800  foot-pounds  vas  developed  taking 
Into  account  a  computer  integrated  allowance  for 
U-cup  seal  friction  during  the  adiabatic  gas  expansion 
in  both  fire  chambers.  Also  note  that  both  rams  met 
very  close  to  mid  stroke  so  utilizing  both  Jack  systems 
efficiently.  The  machine  still  has  additional  reserve 
energy  capability  since  there  is  the  possibility  of 
increasing  the  stroke  an  additional  5  1/2".  However, 
it  was  felt  that  most  forgings  would  have  more  ideal 
and  faster  cycles  with  a  30  1/2"  total  metal  forming 
stroke.  The  percentage  departure  from  ideal  mid 
stroke  impact  being  only  3 / V  .  5% •  It  is  interest- 

15  l/1*" 

ing  to  compare  the  effect  of  cushion  Bystem  relief 
valve  setting  on  the  arresting  of  both  rams  after 
impact.  Note  that  a  relief  valve  setting  of  2,673 
PSI  (AIMTE)  completely  absorbs  the  kinetic,  6,391 
foot-pounds  and  potential,  175*196  foot-pounds,  energy 
after  impact.  Also  note  the  unusually  small  excess 
kinetic  energy  that  is  available  after  impact,  6,391 
foot-pounds,  that  is  only  capable  of  producing  a 
downward  after  Impact  velocity  of  20  inches  per  second 
to  the  two  ram  systems.  When  the  relief  in  the  cushion 
system  is  set  at  3500  PSI  the  after  impact  dovnvard 
motion  is  arrested  after  a  travel  of  only  3/8"  and 
takes  only  38  milliseconds  to  come  to  a  full  stop. 

The  maximum  flov  over  the  cushion  relief  valve 
Immediately  after  impact  is  - 

28.23  in.2  x  2  cals  x  20"/sec  x  60  -  292  GPM 
231  in. d/ gall 

To  insure  best  performance  two  relief  valves  will 
be  used,  both  of  them  having  a  5000  PSI  rating.  A 
1  1/2"  direct  acting  Rexroth  having  unusually  fast 
response  will  be  the  prime  setting  and  it  will  be 
backed  up  by  a  2”  pilot  operated  denison,  #RIV  32-535 
set  50  PSI  higher  than  the  Rexroth  in  order  to  control 
the  initial  peak  momentary  surge.  The  supporting 
pipe  systsm  will  be  adequately  designed  for  5000  PSI 
to  take  momentary  peaks  that  will  rise  above  the  basic 
setting  of  the  cushion  relief  valves. 
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COMPUTER  PROGRAM  V 


Hydraulic  Accumulator  Syatam  Computer  Study 
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APPROACH 


A  computer  study,  Plata  XIII,  of  hydraulic  system 
characteristics,  as  Up  and  Down  Jack  time,  to  complete 
a  36  inch  stroke  vas  varied  from  1  to  13  seconds. 

ESTABLISHED  DESIGH  CRITERIA  AS  AM  IHPUT  TO  COMPUTER 
PROGRAM  ~ 


From  previous  studies,  the  key  dimensions  of  the 
oil  operated  Jacks  and  gas  rams  vere  determined. 

LIST  KEY  DIMERS  IONS 

1.  Gas  ram  diameter 

2.  Gas  ram  pressure  (to 
develop  rated  energy 
of  1-1/2  million 
foot-pounds ) 

3.  Jack  piston  diameter 

1*.  Jack  rod  diameter 

5.  Maximum  forging  ram 
stroke  (Total) 

COMPUTER  PLAH  (FORTRAH) 

The  plan  was  set  up  to  take  inputs  listed  above 
as  key  dimensions  1  through  5  and  give  an  Indication 
of  hydraulic  system  characteristics  for  different  rates 
of  performance.  The  computer  print-out  would  first 
give  the  characteristics  for  a  1  second  time  to  make 
the  complete  stroke,  and  then  add  a  second  to  the 
cycle  and  print  out  new  outputs  for  the  next  cycle 
time,  e.g.  2  seconds.  When  the  stroke  time  reached 
13  seconds,  13  steps  of  data,  additional  stored  input 
data  was  printed  out  and  the  program  terminated. 

Additional  input  data  that  was  printed  out  covered 
the  following  numbered  inputs,  1  through  6. 


-21*" 

-1U00  psi 
-16" 
-6-1/2" 

-36" 
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ADDITIONAL  INPUTS  TO  COMPUTER  PROGRAM 


1.  Pipe  friction  factor  -.025 

2.  Plumbing  data  “  Pipa  I.D. 

Pipa  Length 
(Branch  pipa 
Braakdovn ) 

3.  Oil  cylinder  piston  and  rod  size 

L.  Gas  ram  diameter  and  pressure 

5.  Gas  ram  weight  since  the  Jack  cylinder  pressure 
is  partially  determined  by  it 

6.  Accumulator  charge  pressure 
BASIC  CONCEPTS  USED  IK  THE  FORTRAN  PLAN 

1,  Pipe  Pressure  Drop  -  Based  on  empirical  pipa 
data,  friction  factor  and  Reynolds  number. 

2,  Cylinder  Motion  due  to  Accumulator  -  Based  on 
NET  pressure  in  cylinder  after  computing  pressure 
drop  above,  balance  pressure  to  overcome  a  gas 
cylinder  load  and  F*MA. 

3,  "Lohm"  Concent  of  Piping  Resistance  -  Hakes 
piping  losses  analogous  to  electrical  resistance 
and  so  lends  itself  to  simple  analysis.  Based 

on  LOHM  Laws  of  "Lee  Co.,"  Westbrook,  Connecticut. 

PIPING  NETWORK  ALLOWANCE  FLOW  RESISTANCE  FOR  VARYING  TIME 

Permissible  piping  resistance  in  Lohmo  for  the  com¬ 
puted  time  and  accumulator  charge  pressure.  From  the 
Lohm  values  printed  out  as  ULOHM  and  RLOHM,  a  comparison 
of  the  actual  piping  losses  in  Lohms  can  be  determined 
and  Judgment  made  about  increasing  or  reducing  the 
selected  pipe  size  or  increase  accumulator  charge 
pressure.  Selecting  pipe  size  is  still  a  trial  and 
error  procedure  but  the  computer  print-out  eliminates 
laborious  hand  computations  involving  network  piping 
losses . 
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"TLOHM"  OR  TOTAL  PIPIMO  RESISTANCE  PRINT-OUT  MEANING  IM 
R^EATldN  TO  ^ULOHM" 

Actual  piping  network  loecee  based  on  network  of 
Input  pipe  diameters  and  lengths,  friction  factor  and 
Reynolds  Humber  was  printed  out  as  TLOHM.  Since  our 
computations  assumed  a  constant  value  for  friction 
factor,  its  valus  was  constant  in  the  print-out. 

MOTE  that  where  the  piping  resistance  determining 
retraction  speed,  ULOHM,  exceeds  the  value  of  TLOHM, 
that  time  value  is  the  limiting  performarce  that  can 
be  obtained  for  the  input  conditions  stated.  In  this 
case,  a  three-second  time  for  Jack  Return  requires  a 
piping  resistance  not  to  exceed  .716  LOHM  with  a  3500 
psi  accumualtor  charge  and  lUOO  psi  Fire  Pressure  in  the 
gas  cylinder.  Since  .716  LOHMS  is  only  slightly  greater 
than  the  .6  (TLOHM)  value,  the  accumulator  and  plumbing 
syatem  can  effect  jack  retraction  in  three  aeconds. 

(FORTRAN  PLAN)  REGENERATIVE  VS.  PREFILL  COHCEPT 

A  study  of  the  computer  print-out  sheet,  fifth 
column,  under  the  heading  AGPMR  indicates  rlov  rates 
for  accumulator  rapid  advance  of  the  jack  cylinder  in 
a  regenerating  mode.  This  initial  idea  has  since  been 
discarded  in  favor  of  a  simple  low  pressure  prefill 
system  to  advance  the  jacks  into  the  rams  after  firing 
for  the  following  reasons. - 

DISADVANTAGES  OF  HIGH  PRESSURE  REGENERATIVE  SYSTEM 

1.  Required  additional  high  pressure  valves  and 
piping. 

2.  Consumed  10  gallons  of  high  pressure  accumulator 
fluid,  thus  rsducing  capacity  for  the  main  task 
of  retracting  the  jacks  against  a  gap  resistancs. 
The  main  task  requires  52  gallons. 

ADVANTAGES  OF  A  PREFILL  SYSTEM 

By  utilising  a  lov  pressure  nitrogen-fluid  vessel 
to  advance  the  jacks  without  a  load,  the  above  two 
objections  are  overcome  and  a  much  simpler  circuit 
results . 


FINAL  CIRCUIT 


The  final  circuit  ie  similar  to  Plate  VII  but 
several  modifications  have  been  made  si  follovs. 

The  n//v  circuit  ie  ehovn  on  Plate  VIII. 

1.  A  common  set  of  accumulators  to  control 
upper  and  lover  Jack  systems  eliminate 
considerable  redundancy  and  assures 
reliability . 

2 .  A  single  prefill  vessel  replaces  the  original 
concept  using  four  prefill  vessels  instead  of 
depending  on  the  original  short  run  for  low 
pressure  drop,  giant  pipes,  8-inch  SCH  .80 
carry  exhaust  and  prefill  fluid  back  to 
prefill  and  gravity  vessels  located  in  a 
pump  room  belov  the  floor.  In  comparing 
Plates  VII  and  VIII,  note  that  one  prefill 
vessel  replaces  four  and  one  gravity  tank 
replaces  tvo  in  the  nev  arrangement. 

WATIH  HAMMER  OR  FLUID  INERTIA  EFFECT 

The  best  feature  of  the  circuit  on  Plate  VII  has 
been  retained  in  regard  to  having  the  main  control 
valves  1,  2,  3,  and  their  counterparts  in  the  lover 
cylinder  system  1A,  2A  and  3A  remain  close  to  cylinder 
ports.  By  keeping  these  valves  as  close  to  their 
respective  cylinder  ports  as  possible,  the  Inertia 
effect  of  rapid  opening  is  reduced  to  minimum  pressure 
override . 
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APPENDIX  IV 


Electrical  Control  Syatan 
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I 


MAIM  STEPPERS 


The  automatic  events  ere  categorised  as  follows t 

1.  Main  automatic  sequence. 

2.  Jack  rotary  locks. 

3.  Prefill  or  Jack  rapid  advance  cycle. 

U.  Jack  retraction  cycle. 

Each  of  these  categories  is  controlled  by  a  separate 
stepping  relay,  insuring  that  all  the  events  in  each 
category  take  place  in  the  proper  sequence.  (See  Charts 
1  through  1* .  5 

The  following  explanation  covers  each  separate 
stepper. 

1.  IMT  -  Automatic 

Note  the  automatic  stepper  coil  and  ready  light 
on  lines  20,  21  and  2k.  The  ready  light  on  line  2k 
indicates  that  all  principal  safety  features  and  initial 
conditions  have  been  met.  The  main  safeties  are  that 
both  rams  are  retracted,  RLS-1,  and  the  trigger  vent 
pressure  is  open  to  atmosphere,  RPS-TV,  Indicating  a 
safe  seal  condition  prior  to  rotating  the  Jacks  to 
clear  the  rams.  Secondary  functions  regarding  the 
main  control  pilot  operated  check  are  also  monitored. 

If  a  pilot  valve  should  mechanically  stick,  causing 
one  of  these  valves  to  open  out  of  sequence,  the 
permission  light  would  not  advance  to  its  No.  2 
position  on  command,  thus  avoiding  a  possible  malfunction. 

From  a  study  of  each  stepper  logic  cam  chart, 
it  can  be  seen  that  a  particular  function  must  take 
place  before  the  stepper  moves  to  its  next  number. 

For  simplified  trouble-shooting,  all  four  (b)  steppers 
will  be  located  behind  a  transparent  panel  in  view  of 
the  operator.  In  this  way,  a  cycle  arrest  can  be 
quickly  pinpointed  to  its  cause  by  noting  the  stepper 
numbers . 
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2 .  Locks .  Prefill  and  Jack  Retraction 

The  Lock*  (Chart  2),  Prefill  (Chart  3),  and 
Jack  Retraction  (Chart  4)  stepper*  sequence  through  their 
cycles  based  on  proper  events  occurring  at  proper  inter¬ 
vals.  If  a  malfunction  occurs,  the  stepper  vill  remain 
in  its  last  numbered  position.  The  operator  can  then 
view  the  last  numbered  position  through  the  transparent 
panel  and  take  proper  action  for  subsequent  trouble¬ 
shooting  . 

II.  CYCLE  COURT  CIRCUIT  RELAYS  R101  -  R104 

Tbs  heart  of  the  electrics  is  the  capability  of 
multi-hit  utilisation.  The  operator  can  set  his 
selection  control  for  1,  2  or  3  hits.  The  machine 
vill  then  recycle  and  the  respective  ejectors  vill 
become  effective  only  on  the  last  hit. 

In  addition,  the  same  count  circuits  vill  cut-in 
the  main  accumulators  for  an  energy  burst  as  selected 
from  the  control  desk.  Here  again  the  operator  can 
set  the  time  periods  of  accumulator  energy  release 
by  selector  control  from  his  desk. 

III.  EJECTOR  TIMER  COHTROL  IE  COHJUHCTIOM  WITH  MULTI-HITS 

Selector  Off-On  on  line  12  puts  the  ejector  out  of 
cycle  if  not  required.  If  it  is  required,  the  count  of 
number  of  hits  selector  must  be  set  as  desired.  For 
example,  for  three  (3)  hits,  the  count  circuit  is  so 
Interlocked  that  a  feed  to  the  main  Eagle  timers,  192 
TR's,  line  175  and  line  177,  vill  only  be  energised  if 
tvo  qualifications  are  satisfied.  The  first  qualifica¬ 
tion  is  that  4M-2  on  line  12  is  closed.  This  vill  only 
occur  vhen  the  ram  starts  up. 

Hovever ,  on*  qualification  le  not  sufficient  to  fire 
the  Eagle  timers.  Therefore,  the  press  vill  hit  three 
times  in  succession  before  picking  up  the  count  relay 
R103  on  line  174. 

As  the  timer  1  TR  times-out,  an  adjustable  dvell 
occurs  prior  to  ejection  and  subsequent  to  the  Jacks 
starting  up.  At  the  conclusion  of  this  dvell,  delay 
contact  4-3  on  line  176  fires  the  second  timer,  2  TR, 

in  the  same  manner. 
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1MT 


BULLETIN  910C-1 
CIRCUIT  DESIGN  CHART 

FOR  BULUTIN  910  STIR  SWITCH 


3MT 


BULLETIN  910C-1 
CIRCUIT  DESIGN  CHART 

FOR  BULLITIN  910  STIP  SWITCH 
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DETAILED  EXPLANATION  OF  COUNT  RELAYS 
AND  HOW  THEY  CONTROL  BOTH  EJECTORS 
AND  ACCUMULATORS  TWO  AND  THREE  • 


COUNTING 

1  COUNT: 

Count  selector  switch  la  turned  to  1  count.  "1  hit" 
pilot  light  la  energized.  Thereafter: 

1)  Start  button  Is  pressed,  energizing  relay  R-101 
and  1  MT  step  switch 

a)  Contact  R-101-1  closes. 

b)  Step  switch  1MT  advances  to  position  2. 

c)  contact  -.MT-7  cIobss,  maintaining  relay 
R-101  circuit,  in  series  with  contact  R-101-1. 

d)  "1  cycle"  pilot  light  is  energized,  indicating 
first  cycle  is  in  progress. 

(Note:  Start  button  contact  must  be  closed  for 
period  longer  than  1/10  second)  . 

2)  Process  takes  place,  outtlng  in  step  switches  3iT , 

3MT  and  4MT,  as  programmed,  afterwhich  1MT 
completes  its  cycle,  and  self  steps  to  position  1. 

a)  contact  1MT-7  opens  in  position  1,  acting  as  a 
"atop"  button,  and  dropping  out  relay  R-101. 

b)  1  cycle  pilot  light  is  deenergized. 

Single  cycle  is  concluded. 

2  COUNTS: 

Count  selector  switch  is  turned  to  2  ccunts.  "2  hit" 
pilot  light  is  energized.  Thereafter: 

3)  Starting  is  accomplished  as  described  in  paragraph 
2)  above. 

A)  Process  takes  place,  cutting  in  step  switches  2MT, 

3MT  and  4MT,  as  programmed,  afterwhich  1  MT 
completes  its  cycle,  and  self  steps  to  position  1. 

5)  In  position  12,  contact  1MT-8  closes,  energizing 
relay  R-102  and  "2  cycles"  pilot  light. 

a)  Contact  R- 102-1  openB,  deenergizing  1  cycle  pilot. 

b)  Contact  R-102-2  closes,  placing  this  contact  in 

parallel  with  contact  1MT-7. 

c)  Contact  R-102- 3  closes,  maintaining  relay  R-102 

circuit. 

d)  Contact  R-102- 4  closes,  setting  up  relay  R-104 

for  later  energization. 
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2  COUNTS;  (Cont'd) 


6)  On  arriving  in  position  1,  even  though  contact  1KT-7 
opens,  relay  R-101  does  not  drop  out,  as  contact 
R-102-2  shunts  open  contact  lMT-7. 

7)  Step  switch  1MT  immediately  steps  to  position  2. 

P)  Second  cycle  process  takes  place,  cutting  in  step 
switches  2MT,  3MT  and  4MT,  as  programmed,  afterwhich 
1MT  completes  its  cycle,  ^.nd  self  steps  to  position  1. 

9)  In  position  10,  contact  1MT-10  closed,  energizing 
relay  R-104; 

a)  Contact  R-104-1  opens,  removing  shunting  effect 

of  contact  R-102-2  around  contact  1MT-7. 

b)  contact  R-104-2  closes,  maintaining  relay  R-104 

circuit. 


10)  Now  opening  of  contact  1MT-7  in  position  1,  acts  as 
"stop"  button  and  drops  out  relay  R-101. 

Contact  R-101-1  opens,  also  deenergizing  relays 
R-102  and  R-104,  and  2  cycles  pilot  light. 

All  holding  circuits  are  removed,  and  process  is 
in  its  deenergized  position. 


Two  cycles  are  concluded. 


3  COUNTS: 

Count  selector  switch  is  turned  to  3  countB,  closing 
different  contacts  on  various  lineB.  "3  hit"  pilot 
light  is  energized.  Thereafter: 


11)  Starting  is  accomplished  as  described  in  paragraph 
2)  above 


12)  Process  takes  place,  cutting  in  step  switches  2MT, 
3MT  and  4mT,  as  programmed,  afterwhich  1MT 
completes  its  cycle,  and  self  steps  to  position  1. 


13)  In  position  12,  contact  1MT-8  closes,  energizing 
relay  R-102  and  "2  cycles'*  pilot  light: 


a) 

b) 

c) 

d) 


Contact  R-102-1 
Contact  R-102-2 
parallel  with 
Contact  R-102-3 
oiroult. 
Contact  R-102- 4 
the  circuit. 


opens,  deenergizing  1  cycle  pilot, 
closes,  placing  this  contact  in 
contact  1MT-7. 

closes,  maintaining  relay  R-102 
closes,  but  has  no  effect  In 


3  COUNTS:  (Cont'd) 

14)  On  arriving  In  position  1,  even  though  contact  1MT-7 
opens ,  relay  R-101  does  not  drop  out,  as  contact 
R-102-2  shunts  open  contact  1MT-7. 

15)  Stev  switch  1MT  Immediately  steps  to  position  2. 

16)  Second  cycle  process  takes  place,  cutting  In  step 
switches  2MT,  3MT  and  4M?:,  as  programmed,  afterwhlch 
1MT  completes  its  cycle,  and  self  steps  to  position  1 

17)  In  position  11,  contact  1MT-9  closes,  energizing 
relay  R-103  and  "3  cycles"  pilot  light,  Indicating 
3rd  cycle  in  progress: 

a)  Contact  R-103-1  closes,  placing  this  contact  in 

parallel  with  contact  1MT-7. 

b)  Contact  R-103- 2  opens,  deenergizing  2  cycle  pilot. 

c)  Contact  R-103-3  closes,  maintaining  relay  R-103 

circuit. 

d)  Contact  R-103-4  closes.  Betting  up  relay  R-104 

for  later  energization. 

18)  On  arriving  In  position  1,  even  though  contact  1MT-7 
opens,  relay  R-101  does  not  drop  out,  as  contacts 
R-102-2  and  R-103-1  shunts  open  contact  1MT-7- 

19)  Step  switch  1MT  immediately  steps  to  position  2. 

20)  Third  cycle  process  takes  place,  cutting  in  step 
switches  3CT,  3MT  and  4MT,  as  programmed,  afterwhlch 
1MT  completes  its  cycle,  and  self  steps  to  position  1 

21)  In  position  lO,  contact  1MT-10  closed,  energizing 
relay  R-104. 

a)  contact  R-10^-1  opens,  removing  shunting  effect 

of  contact  R-102-2  around  contact  1MT-7. 

b)  contact  R- 104-2  closes,  maintaining  relay  R-104 

circuit . 

22)  Now  opening  of  contact  1MT-7  in  position  1,  acts  as 
"stop"  button  and  drops  out  relay  R-101. 

Contact  R-101-1  opens,  also  deenergizing  relays 
R-102,  R-103  and  R104  and  3  cycles  pilot  light. 

All  holding  circuits  are  removed,  and  process  is 
in  its  deenergized  position. 

Three  cycles  are  concluded. 
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R.I.  FEED  BACK 


RI  VALVE 
FLUID  OPENING 
DYNAMIC 


RI  IS  OPEN 
STATIC 


RI  CLOSING 
DYNAMIC 


RI  IS  CLOSED 
STATIC 


PREFILL  FEED  BACK 


PFEPILL  OPENING 
DYNAMIC 


PREFILL  OPEN 
STATIC 


PREFILL  CLOSED 
STATIC 


PREFILL  CLOSING 
DYNAMIC 


JACK.  EJECTOR  AMD  COUNTERBALANCE  ACCUMULATOR  BY-PASS 
CONTROLS 


These  three  identical  systems  are  controlled  by  a 
high-low  pressure  switch  which  puts  the  respective 
pump  on  Pr  until  the  accumulator  is  charged.  When 
the  accumulator  ie  charged,  the  high  Pr  switch  contact 
opens,  thereby  ue-energi zing  the  by-pass  relay  and 
solenoid. 
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HA 


JACK  ACCUM. 
BY-PASS  CONTPOL 


ON-ABOVE  LOW 


PUTS  JACK 
PUMPS  ON  PP . 
EN-SV-16 


ON-  ON  HIC-H 

CLOSES  ACCUM. 
TO  TANK 
EN-SV-17 
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EJ.  ACCUM.  CONTRC 


ON-  ON  Hir.H 

CLOSES  ACCUM. 
TO  TANK 


PREFILL  VESSEL 


The  "Sontc"  level  control  devices  »r»  located  In 
the  walla  of  the  vessel  in  a  vertical  array.  When  the 
fluid  level  is  low,  relay  R-PRE-L  and  light  L-PRE-L 
are  energised  automatically.  The  energizing  of  this 
relay  causes  H— 15  and  SV— 15  to  be  energized,  filling 
the  prefill  vessel  from  the  Jack  accumulator  bank. 

When  the  fluid  level  reaches  a  point  above  the  lowest 
Sonac,  the  lower  light,  L-PRE-L,  goes  out.  The  level 
contrinues  to  rise  until  the  center  Sonac  is  actuated, 
energizing  the  center  light,  L-PRE-C.  If,  for  some 
reason,  the  level  continues  to  rise,  possibly  due  to 
leakage,  the  upper  Sonac,  LC— 1— H,  will  be  actuated. 

This  Sonac  will  light  L-PRE-H  and  energize  relay  R-PRE-H. 
When  all  three  Sonacs  are  actuated,  relay  R-l*t  and  its 
holding  contact  lock-in.  This  high  level  condition 
energizes  the  sequence  relay  which  extinguishes  the 
center  light  until  the  fluid  level  falls  to  the  actuating 
level  of  the  center  Sonac,  causing  the  center  light  to 
be  illuminated  again.  Note  that  the  level  has  dropped 
due  to  R-PRE-H  and  relay  R-lU  energizing  the  drain 
valve  SV-lb ,  causing  the  excess  prefill  fluid  to  empty 
into  the  gravity  tank. 
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GRAVITY  VESSEL  CONTROL  A  LOCKS  OPEN  ALARM 

If  either  high  or  dangerously  low  fluid  level 
occurs  in  ths  gravity  tan'-,  an  audio  alarm  will  sound. 
The  sane  warning  occurs  if  1  TD  times-out  before  the 
normal  tlaa  required  for  lock  opening*  (See  line  203«) 
Note  that  stepping  contact  2  MT-2  corresponds  to  the 
normal  sequence  steps  for  opening  the  locks.  Therefore, 
if  1  TD  tines-in  while  the  2  MT-2  is  still  closed,  the 
darn  will  sound.  The  operator  can  silence  the  alarm 
by  depressing  the  silence  push  button.  However,  the 
relay  system  retains  a  memory  effect  for  the  malfunction 
and  stores  the  malfunction  data  through  relays  R-105 
and  R-106  and  their  respective  pilot  lights. 


113 


COMPRESSOR  t  MOTOR  CONTROLS 


Both  compressors  are  controlled  by  a  dual  pressure 
■witch  which  connected  to  the  high  pressure  receiver. 

The  circuit  ia  high-low  enabling  automatic  cut-in  and 
cut-out  of  the  compressor  depending  on  the  setting  of 
the  Pr  switch.  The  Pr  switch  must  be  mounted  adjacent 
to  the  receiver  Pr  gauge  on  the  console  so  that  settings 
can  be  made  easily.  A  four  position  selector,  SM-CM-1-2, 
controls  both  compressor  motors. 
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EJECTORS  -  TOP  AND  BOTTOM 


CIRCUIT  FEATURES: 

a)  Ejection  may  be  omitted  from  automatic  operation  by 
*  election.  Ejection  would,  in  this  event,  be 

accomplished  by  manual  mode . 

b)  Ejection  top  and  ejection  bottom,  are 
Independent  operations.  Either  one  or  the  other, 
or  both,  rn&y  bo  onilttod# 

c)  This  independence  la  extended  to  the  difference  in 
timing  intervals  that  may  be  set  for  each  one. 

d)  Both  manual  and  automatic  operations  are  programmed 
by  step  switch  4MT • 

e)  In  automatic  operation,  ejection  will  take  place 

After  every  single  cycle  • 

After  the  second  (laBt)  cyole  ONLY  of  a 
selected  two  cyole  operation. 

After  the  third  (last)  cycle  ONLY  of  a 
selected  three  cycle  operation. 

f)  The  ejection  sequence,  as  described  in  Pa™faPh 
‘  a)  is  a  function  of  the  setting  of  the  count 

selector,  and  automatically  produces  the  operatio 
of  last  cycle  ejection. 

automatic  OPERATION  -  1  HIT:. 

Of: -On  selector  is  turned  to 
switch  is  turned  to  1  count. 


•on."  Count  selector 
Thereafter: 


1)  At  programmed  ooint,  contact  AMT-2  closes,  energizing 
timer  1TR.  This  is  a  delayed  Interval. 

o\  contact  AMT-2  closure  may  be  sustained  at  this  point, 

2)  £r  £af  have  open,  but  is  effective  either  way,  as 
alternate  holding  circuit  has  been  set  up  in  the 
timer. 

3)  On  "time  out"  of  Timer  1TR,  4-5 

to  4  -  3  to  supplv  pulse  start  to  timer  2TR,vmicn 
Is  energized  and  iaintalned  by  its  own  holding 
circuit. 

a\  Relay  R-12  (top)  is  energized,  its  °°ntft^8 

in  turn ,  to  energize  Ejection  Top  solenoid  valve. 
Ejection  takes  place. 

5)  When  timer  2TR  "times  out,"  the  ejector  circuit  is 
tripped  to  its  deenergized  position. 


118 


EJECTORS 

2  HIT  CYCLE 

AUTOMATIC  OPERATION: 

Off-on  selector  is  turned  to  “on."  count  selector 

switch  is  burned  to  2  cycles.  Thereafter: 

6)  On  first  cycle,  contact  4MT-2  closes,  but  produces 
no  signal,  as  count  selector  switch  is  open  in 
this  position.  Even  though  the  count  switch 
second  contact  is  closed,  still  no  signal  to 
eject  is  produced,  as  contact  R-1C?  is  open. 

7)  Cn  the  2nd  cycle,  and  in  preparation  thereto, 
contact  R-102  is  now  closed.  When  contact  4MT-2 
closes,  operation  proceeds  ea  described  in 
paragraphs  2)  through  5)  above. 

EJECTORS 

3  HIT  CYCLE 

AUTOMATIC  OPFRATION: 

Off-on  selector  is  turned  to  “on."  Count  selector 

switch  is  turned  to  3  cycles.  Thereafter: 

b)  On  first  cycle,  contact  4MT-2  closes,  but  produces 
no  signal,  as  count  selector  switch  is  open  in 
this  position. 

*)  On  second  cycle,  contact  4MT-2  closes,  but  produces 
no  signal,  as  count  selector  switch  is  open  in 
this  position. 

10)  On  the  3rd  cycle  initiation,  and  In  preparation 
thereto,  contact  R-103  is  now  closed.  When 
contact  4MT-2  closes  in  this  cycle,  operation 
proceeds  as  described  in  paragraphs  2)  through 
5 )  above . 
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2SS 


EJECTOR-BOTTOM 


L81 

L82 

L83 


* 


I 


4MT-3 

- I(- 


i 

! 


14SS 
OFF -ON 
— o  e — 


I  XOO 


i  » 


oxo 


l— c  e>~ 


oox 


I  M 


I 


I 


RIO  2 

Rlo3 


iFtr 


1ST  HIT 

2ND  HIT 

3RD  HIT 


ACCUM5TLATOR3  -  TWO  AND  THREE . 


CIRCUIT  FEATURES: 

3)  Accumulators  two  and  throe  are  each  controlled  by 
selector  switches  Islanded: 

1  HIT  2  HITS  3  HITS 

Off-on  Off-on  Cff-on 

b)  rlther  one  accumulator ,  or  both,  may  be  entirely 
eliminated  from  operation,  with  three  switches  off. 

c)  "ither  accumulator  2  or  3  may  operate  luring 
lot,  2nd  or  3rd  cycle,  or  at  whichever  point,  the 
cff-on  selector  is  turned  to  "on." 

d)  nccunulctor  operation  must  be  consistent  with 
count  selector  switch,  e.  ,  if  accumuli.it or  selector 
for  the  third  hit  Is  turned  to  on,  and  count 
selector  switch  is  turned  to  "2  hits,"  cycle  will 
terminate  after  two  cycles,  and  accumulator  v/111 
not  operate  (third  hit  not  being  reached). 

AUTOMATIC  OPERATION 

ONE  HIT 

EITHER  ACCUMULATOR: 

1)  One  hit  off-on  selector  switch  le  turned  to  "on." 
Contact  R-1C?  Is  elso  selective  to  one  hit,  and 
la  normally  dosed  during  first  cycle  only. 

2)  At  pro crammed  rolnt,  contact  4MT-4  closes, 
energizing  timer  2TD  for  delayed  Interval. 

3)  Timer  2TD  "times  out,"  energizing  timer  3TD. 

4)  Relay  R-19  (accumulstor  2  exemplified)  ie 
enerdzed.  Relay  R-19  contacts  closa,  energizing 
aec’.anuletor  2  solenoid  valve  for  period  as  set  on 
timer  3TD  dial. 

5)  Timer  3TD  "times  out,"  deenergizing  relay  R-19 
and,  in  turn,  accumulator  2  solenoid  valve, 
terminating  accumulator  2  operation. 

6)  Step  switch  contact  4MT-4  opens,  as  4MT  step  switch 
responds  to  program. 

Timers  reset,  and  accumulator  operation  is  concluded 
for  this  one  cycle. 
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AUTOMATIC  OPERATION 
2ND  HIT  CYCLE 
EITHER  ACCUMULATOR: 


(Cont'd) 


7)  Two  hit  off-on  seleotor  awltch  Is  turned  to  “on." 
(Count  selector  swltoh  Is  turned  to  2  cr  3  hits. 

Contact  R-103  Is  selective  to  two  hits,  and 
Is  normally  closed  i.i  second  cycle  only. 

B)  cycle  proceeds  as  described  In  paragraphs  2)  through 
61),  but  In  the  second  cycle  only. 

AUTOMATIC  OPERATION 
3RD  HIT  CYCLE 
EITHSR  ACCUMULATOR: 

9)  Two  hit  off-on  selector  switch  Is  turned  "on." 
(Count  selector  switch  Is  turned  to  3  •’Its. 

Contact  R-103  In  three  hit  selector  olriu.t,  Is 
selective  to  three  hits,  and  Is  closed  In  third 
cycle  only. 

10)  Cycle  proceeds  as  described  in  paragraphs  2)  through 
6),  but  in  the  second  cycle  only. 


Possible  accumulator  operations  can  take  place  as 
follows: 

Accumulator  two:  Slmllarlly  with 

No  operation  Ac  emulator  three. 

1st  cycle  only 
2nd  cycle  only 
3rd  cycle  only. 

1st  and  2nd 
1st  and  3rd. 

2nd  and  3rd, 

1st,  2nd  and  3rd. 

The  progressive  closing  and  opening  contact  sequences 
of  relays  R-102  and  R103,  makes  the  above  circuit 
combinations  possible. 

If  accumulator  actions  is  desired  during  1st  and  3rd 
cycles:  Relay  contact  R-102  N.C.  is  closed  during  first 
hit  only;  hence  no  accumulator  action  will  take  place 
during  the  2nd  hit.  Since  relay  contact  R-103  N.O.  will 
be  closed  In  readiness  for  the  third  oycle,  accumulator 
action  will  take  place  during  the  3rd  hit. 
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SOLEHOID  COMTROL 


Hot*  th»t  *11  solenoids  *r*  protected  by  circuit 
breakers'*  Common  numbers  are  used  between  solenoids 
and  control  relays  for  simplified  identification* 
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HA  11  A 


1  *  I  iTYPTCAi.  I 


LOCK  ROTATION 

LOCKS  OPEN 

LOCKS  CLOSED 

JACK  R.O.  OPEN 

PREFILL  OPEN 

TRIGOER-RAM 

TRIGGER  VENT-RAM 

JACK  OPEN 

C'BAL.  TANK 
OPEN  TO  CYL'S 

JACKS- INCH  DOWN 


HA  H  A 


SELECTOR  SWITCH  IDENTIFICATION 


1SS  MASTER  MODE  SELECTOR 

2SS  COUNT  SELECTOR  SWITCH 

3SS  LOCKS  MANUAL 

4SS  PREFILL  MANUAL  &  JACKS  RETRACTION 

5SS  COMPRESSOR  SELECTOR 

6SS  FIRE  MODE  SELECTOR 


7SS 

ACCUM. 

#2 

HIT 

SELECTION  -  1ST 

HIT 

8SS 

ACCUM. 

#2 

HIT 

SELECTION  -  2ND 

HIT 

9SS 

ACCUM. 

#2 

HIT 

SELECTION  -  3RD 

HIT 

loss 

ACCUM . 

#3 

HIT 

SELECTION  1ST 

HIT 

11SS 

ACCUM. 

#3 

HIT 

SELECTION  -  2ND 

HIT 

12SS 

ACCUM . 

#3 

HIT 

SELECTION  -  3RD 

HIT 

I3SS  EJECTOR  TOP  ON-OFF 

14SS  EJECTOR  BOTTOM  ON-OFF 

PUSH  BUTTON  IDENTIFICATION 

1PB  STOP  MOTION 

2PB  RESUME 

3PB  START 

4PB  PREFILL  MANUAL  BLEED 

5PB  PREFILL  MANUAL  FILL 

6PB  ALARM  SILENCE 

7PB  MAIN  COMPRESSOR  MOTOR  START 

8PB  MAIN  COMPRESSOR  MOTOR  START 

9PB  SPLIT  PUMP  MOTOR  STOP 

10PB  SPLIT  PUMP  MOTOR  START 

11PB  FIRE 
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PILOT  LIGHT  IDENTIFICATION 


1LT 

1SV  - 

LOCKS  ROTATION 

2LT 

2SV  - 

JACKS  R.O.  OPEN 

3LT 

3SV  - 

PREFILL  OPEN 

4LT 

4SV  - 

TRIGGER  -  RAM 

5LT 

5SV  - 

TRIGGER  VFNT  -  RAM 

6LT 

6SV  - 

JACKS  OPEN 

7LT 

7SV  - 

C'BAL.  TANK  OPEN  TO  CYCL ' S 

8LT 

8SV  - 

JACKS  -  DOWN 

9LT 

9SV  - 

C'BAL.  TANK  PUMP 

10LT 

10SV 

-  C'BAL.  TANK  CLOSED  TO 

T 

11LT 

11SV 

-  EJECTOR  ACCUM.  RELIET 

12LT-T 

12SV- 

T  -  EJECTOR  DIRECTION  - 

TOP 

12LT-B 

12SV- 

B  -  EJECTOR  DIRECTION  - 

BOTTOM 

13LT 

13SV 

-  EJECTOR  ACCUM.  BLEED 

14LT 

14SV 

-  PREFILL  OIL  BLEED 

15LT 

15SV 

-  PREFILL  OIL  FILL 

16LT 

16SV 

-  JACK  PUMP  ON  PRESSURE 

17LT 

17SV 

-  JACK  ACCUM.  DRAIN  CLOSED 

18LT 

18SV 

-  JACK  INCH  UP 

19LT 

19SV 

-  ACCUM.  #2  OPEN 

20LT 

20SV 

-  ACCUM.  #3  OPEN 

21LT 

POWER  ON 

22LT 

ONE  CYCLE 

23LT 

TWO  CYCLE 

24LT 

THREE  CYCLE 

25LT 

ONE  HIT 

26LT 

TWO  HITS 

27LT 

THREE  HITS 
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28LT 

29LT 

30LT 

31LT 

32LT 

33LT 

34LT 

3  5LT 
36LT 
37LT 
38LT 
39LT 
40LT 
4 1LT 
42LT 
43LT 
44LT 

4  5LT 
46LT 
47LT 
48LT 
49LT 
50LT 
51LT 
52LT 


PILOT  LIGHT  IDENVIFICAT ION 

r<56tWtNtjfif>) 


READY 

JACK  ACCUM.  LOWER 
JACK  ACCUM.  HIGH 
EJECTOR  ACCUM.  LOW 
EJECTOR  ACCUM.  HIGH 
COUNTER  BALANCE  ACCUM.  LOW 
COUNTER  BALANCE  ACCUM.  HIGH 
PREFILL  VESSEL  HIGH 
PREFILL  VESSEL  MEDIUM 
PREFILL  VESSEL  LOW 

FAULT  ALARM  ACKNOWLEDGE  -  GRAVITY  VESSEL  HIGH 

FAULT  ALARM  ACKNOWLEDGE  -  GRAVITY  VESSEL  LOW 

FAULT  ALARM  ACKNOWLEDGE  -  LOCKS  FAILURE 

COMPRESSOR  #1 

COMPRESSOR  #2 

MAIN  MOTOR  STARTER 

SPLIT  PUMP  MOTOR  STARTER 

PREFILL  MANUAL 

JACKS  OPEN 

EJECTOR  TOP 

EJECTOR  BOTTOM 

ACCUMULATOR  #2 

ACCUMULATOR  #3 

LOCKS  OPEN 

LOCKS  CLOSED 
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RELAY  CONTACT  CHART 


Rl:  201,201 

R100 

6,22,35,53,77 

R2 :  206,206 

R101 

8 

R3 :  208,208 

R102 

8,9,12,  15,173,182,183,194 

R4:  210,210 

RIO  3 

10,12,14,16,174,183,189,190,195,196 

R5 :  163,212,212 

R104 

9, 17 

R6 :  168,214,214 

R105 

140,142 

R7:  169,216,216 

R106 

143,145 

R8:  218,218 

R107 

146,148 

R9:  124,220,220 

R108 

73,75 

RIO :  125,222,222 

R109 

87,88 

Rll:  27,119,120,224,224 

R12T:  226,226 

R12B:  228,228 

SEQ: 

129,130,136,137 

R13  s  230,230 

ICS : 

151 

R14 :  135,  139,232,232 

2CS : 

152 

R15:  234,234 

IMS: 

154 

R16:  25,114,115,236,236 

ISPS: 

156 

R17 :  238,238 

R18:  240,240 

R19:  242,242 

RLS-1 

:  23,29,37,55,85,161,169 

R20 :  244,244 

RLS-2 

:  23,37,50,78,162,170,205 

RLS-3 :  44,55,161,204 


R-PRE-C:  134,138 
R-PRE-H:  134 
R-PRE-L:  134,138 
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RELAY  CONTACT  CHART 


(CONTINUED) 


1MT:  8,11,13,15,34,37,53,76,164,16 

2MT:  28,31,157,203 

3MT:  27,30,41,67,73,74,80,158,159, 

4MT:  32,41,59,87,89,166,167,172,18 
188,194 


RPS-LDC :  48 
RPS-LDOj  42 

RPS-LSC:  23,37,49,78,162,170,205 
RPS-LSO:  43,55,161,204 
RPS-PRE-C:  25,39,57,71,80 
RPS-PRE-D:  64,65 
RPS-PP.E-0 :  63 
RPS-R.I.C.:  25,39,57,78 
RPS-R.I.D.:  83,84 
RPS-R.O . C . :  25,39,57,69,78 
RPS-R.O.O.:  61 

RPS-T.V.:  23,29,37,55,161,170 


RDP-PRE-C:  70 
RDP-PRE-O :  62 
RDP-R. I .C. : 
RDP-R. I. o.:  81 
RDP-R. O.C.:  68 
RDP-R. O.O.:  60 
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SOLENOID  VALVE  AMD  FUNCTION 


VALVE  NO. 

FUNCTION 

SV 

i 

ROTATES  TO  CLEAR  LOCKS 

SV 

2 

JACK  R.  0.  OPEN  (TOP  &  BOTTOM) 

SV 

3 

PREFILL  OPEN 

SV 

4 

TRIGGER  RAM 

SV 

5 

TRIGGER  VENT  RAM 

SV 

6 

JACK  R.  I.  OPEN 

SV 

7 

C' BALANCE  TANK  OPEN  TO  CYCL’S 

SV 

8 

JACKS  INCH  DOWN 

SV 

9 

C‘ BALANCE  TANK  PUMP  ON  PRESSURE 

SV 

10 

C' BALANCE  TANK  CLOSED  TO  T 

SV 

11 

EJECTOR  ACCUM  RELIEF  DEVENT 

SV 

12T 

EJECTOR  DIRECTION 

SV 

12B 

EJECTOR  DIRECTION 

SV 

13 

EJECTOR  ACCUM  BLEED  CLOSED 

SV 

14 

PREFILL  OIL  BLEED 

SV 

15 

PREFILL  OIL  FILL 

SV 

16 

JACK  PUMP  ON  PRESS 

SV 

17 

JACK  ACCUM  DRAIN  CLOSED 

SV 

1>3 

JACKS  INCH  UP 

SV 

19 

ACCUM  #2  OPEN 

SV 

20 

ACCUM  #3  OPEN 

APPENDIX  V 


Miscellaneous 


■& 
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GENERAL 


A.  A  letter  establishing  liaison  between  General 
Dynamics  and  Lindberg  Hevi-Duty,  a  Division  of 
Sola  Basie  Industries,  is  attached  as  Enclosure 
Ho.  1. 

B.  Additional  enclosures! 

1.  Enclosure  Ho.  2  DYHAPAK  Drawing  66-10 

(Installation  and  Foundation,  1-1/2  Million 
Foot  Pound  Machine,  Model  No.  2^36). 

2 t  Enclosure  Mo.  3  DYHAPAK  Drawing  VD-lSl 
(Rotary  Hearth  Furnace). 

II.  ROTARY  HEARTH  FURNACES 

A.  The  rotary  hearth  furnace  is  considered  to 
present  maximum  flexibility  of  all  types  of 
furnaces  considered. 

B.  The  furnace  selected  is  not  to  be  considered 
a  prototype  design,  since  Lindberg  Hsvi-Duty 
has  already  designed  similar  furnaces,  smaller 
in  else,  but  of  the  identical  configuration. 

C.  Future  consideration  should  be  given  to  eval¬ 
uating  the  six#  of  Ingress  and  agrees  openings 
dependent  upon  the  anticipated  tentative 
forging  requirements. 

D.  It  vas  determined  that  two  (2)  rotary  hearth 
furnaces  would  be  desirable  for  maximum 
production  rate. 

E.  Each  furnace  is  20'-0n  in  diameter  and  has  a 
hearth  width  of  3'-2".  (See  Enclosure  No.  3) 

The  heating  capacity  of  each  furnace  is  5000 
pounds  per  hour. 

F.  Each  furnace  has  an  atmosphere  control,  designed 
by  Lindberg,  to  reduce  forging  scale  and  to 
insure  precision  of  forgings. 
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0.  Utilising  each  furnace  in  conjunction  with  the 
other  would  result'  in  aazinun  output  capability 
at  the  sane  tine  retaining  the  potential  of 
reheating  forgings  if  temperatures  should  de> 
crease  excessively.  For  example t 

1.  Assuming  200  pound  billets  are  used,  which 
appears  to  be  the  normal  sited  billet,  one 
(1;  furnace  could  be  utilised  for  preheating 
the  billets  to  a  temperature  below  that 
which  creates  excessive  forging  scale  and 
de-carb  (approx.  950°F. 

2.  After  preheating,  the  billets  then  would  be 
placed  In  the  second  furnace  for  further 
heating  to  forging  temperature  (1850°F  - 
2150°F).  Hetti  Less  time  is  required  to 
heat  billets  from  room  temperature  to  950°F 
than  from  9f0°F  to  forging  temperature. 

3.  Therefore,  with  a  heating  capacity  of  5000 
pounds  per  hour,  the  following  would  applyi 

5000  lb. /hr.  ■  25  blllets/hr.  -  prod,  rate 
200  lb.  billet  of  25  bile. /hr. 

Rote:  5000  lb. /hr.  is  a  conservative  figure. 

**•  In  retrospect,  by  utilising  both  furnaces  to 
heat  the  billets  from  room  temperature  to 
forging  temperature,  the  production  rate 
would  be  increased  to  50  billets  per  hour. 
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March  27,  1969 


Electro  Dynamic  Div. 

General  Dynamics 
Dynapak  Div. ' 

150  Avenel  Ave. 

Avenel,  N.J. 

ACC:  Mr.  MilCon  Chapin 

GenClemen: 

In  accordance  wich  Mr.  Chapin's  request,  we  are  pleased  to  si  bmit 
information  on  forge  furnaces. 

\*e  are  enclosing  several  picCures  as  well  as  drawing  762550,  and  these 
will  illustrate  the  type  of  equipment  appropriate  for  your  proposed 
Dynapak  hammer. 

Jle  would  suggest  that  you  consider  the  purchase  of  two  of  these 
furnaces.  These  rotary  furnaces  are  20' -0"  in  diameter  and  have 
a  hearth  width  of  approximately  3'-2r.  The  heating  capacity  of  each 
is  about  5000  pounds  per  hour.  This  will  total  in  the  neighborhood 
of  10,000  pounds  per  hour  heating  capai  ity  and  is  close  to  the  figure 
we  discussed. 

The  furnaces  would  be  field  erected  and  when  more  specific  figures  are 
available,  we  will  work  out  loading  and  unloading  metnods. 

The  cost  for  the  furnaces  will  be  approximately  $210,000  eaca. 

rfe  hope  the  above  preliminary  Information  will  be  of  help  to  you. 
Please  do  not  hesitate  to  contact  this  office  for  any  further 
information  we  can  supply  you. 


Very  truly  yours, 

LINDBERG  lUSVI-DLTY 
Div.  of  Sola  Basic  Industries 

138  George  Fey-Sales  Engineer 
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All  functions  are  interlocked  to  proride  maximum  smoothness  of  hy¬ 
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markings  have  been  used  for  Group  3  and  Group  4  as  author¬ 
ized. 
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4.  DESCRIPT IVE  NOTE*  If  appropriate,  enter  the  type  of 
report,  e.g. .  interim,  progress,  summery,  annual,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  ia 
covered. 

5.  AUTHOR*#):  Entar  the  asme(a)  of  author!*)  aa  shown  on 
or  in  the  report.  Estei  tost  name,  first  neat  a,  middle  initial. 

If  military,  show  rank  and  branch  of  service*.  The  name  of 
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7 a.  TOTAL  NUMBER  OF  PAGE*  *  The  total  poge  count 
should  follow  normal  pagination  procedures.  La.,  entar  the 
number  of  pages  containing  information. 

76.  NUMBER  OF  REFERENCE*  Entar  the  total  number  of 
references  cited  in  the  rm>ort. 

•e.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  ontar 
the  applicable  number  of  ths  contract  or  grant  under  which 
ths  report  was  written. 

•6,  fc.  *  id.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  da  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.  ORIGINATOR'S  REPORT  NUMBER! I*  Enter  ths  offi¬ 
cial  report  number  by  which  the  document  will  bo  idem  if  led 
end  controlled  by  the  originating  activity-  This  number  must 
br  unique  to  this  report. 

96.  OTHER  REPORT  NUMBER!#):  If  the  report  has  been 
assigned  any  other  report  numbers  (either  by  fhe  originator 
or  by  the  Mponoor),  also  enter  this  number!*). 

10.  A  VAIL  ABILITY/ LIMITATION  NOTICE*  Enter  any  lim¬ 
itations  us  further  dissemination  of  ths  report,  other  than  those 


imposed  by  security  classification,  using  standard  statements 
such  as: 

!l)  “Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC." 

(2)  “Foreign  announcement  and  diaaemination  of  this 
report  by  DDC  is  not  authorized. " 

(3)  “U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
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it  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
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text.  The  assignment  of  links,  rulas,  s nr*  weight*  is  optional. 
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